<T> 
CT> 

CD 
CO 



(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 364 994 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

26.11.2003 Bulletin 2003/48 

(21) Application number: 02716320.3 

(22) Date of filing: 18.01.2002 



(51) mt ci 7: CO 9 B 47/20, C09B 47/24, 
C09D 11/00, B41M5/00 

(86) International application number: 
PCT/JP02/00349 

(87) International publication number: 

WO 02/060994 (08.08.2002 Gazette 2002/32) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PTSETR 
Designated Extension States: 
AL LT LV MK RO SI 



(30) Priority: 



31.01.2001 
22.02.2001 
01.03.2001 
16.03.2001 
26.03.2001 
29.03.2001 
26.07.2001 



JP 2001024352 
JP 2001047013 
JP 2001057063 
JP 2001076689 
JP 2001087690 
JP 2001096610 
JP 2001226275 



(71) Applicant: Fuji Photo Film Co., Ltd. 
Kanagawa-ken, 250-0123 (JP) 



(72) 



Inventors: 

TATEISHI, Keilchi, c/o Fuji Photo Film Co., Ltd. 
Minami-Ashigara-shi, Kanagawa 250-0123 (JP) 
NORO, Masaki, c/o Fuji Photo Film Co.. Ltd. 
Minami-Ashigara-shi, Kanagawa 250-0123 (JP) 
YABUKI, Yoshiharu, c/o Fuji Photo Film Co., Ltd. 
Minami-Ashigara-shi, Kanagawa 250-0123 (JP) 
NARUSE, Hideaki, c/o Fuji Photo Film Co., Ltd. 
Minami-Ashigara-shi, Kanagawa 250-0123 (JP) 
OMATSU, Tadashi, c/o Fuji Photo Film Co., Ltd. 
Minami-Ashigara-shi, Kanagawa 250-0123 (JP) 



(74) Representative: Grunecker, Kinkeldey, 

Stockmair & Schwanhausser Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 



(54) PHTHALOCYANINE COMPOUND, INK, INK FOR INK-JET RECORDING, INK-JET RECORDING 
METHOD AND METHOD FOR IMPROVING OZONE GAS RESISTANCE OF COLORED 
IMAGING MATERIAL 



(57) According to the present invention, a novel 
phthalocyanine compound having a specific structure is 
provided, and an ink, an inkjet recording ink, an inkjet 
recording method and a method for improving preserv- 
ability of a formed image, each using the compound, are 
also provided. 

The novel phthalocyanine compound of the present 



invention has a sufficiently high fastness to light, heat, 
humidity and active gases in the environment and by 
using an ink, particularly inkjet recording ink, containing 
the phthalocyanine compound, an image having high 
fastness to light and ozone gas in the environment can 
be formed. 



o. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



10 



15 



25 



30 



35 



40 



50 



55 



EP 1 364 994 A1 

Description 

Technical Field 

[0001] The present invention relates to a novel phthalocyanine compound and also relates to an ink, an Inkjet re- 
cording ink ; particularly a water-soluble cyan color Inkjet recording ink, an Inkjet recording method and a method for 
improving the ozone gas resistance of a formed color image material each using the compound. 

Background Art 

[0002] In recent years, the image recording material is predominated by a material particularly for forming a color 
image and specifically, a recording material using an inkjet system, an image recording material using a heat-sensitive 
transfer system, a recording material using an electrophotographic system, a silver halide light-sensitive material using 
a transfer system, a printing ink, a recording pen and the like are popularly used. Also, a color filter is used in a display 
such as LCD and PDP or in an electronic component such as CCD of photographing equipment. 
[0003] In these color image recording materials or color filters, three primary color dyes (dyes or pigments) by a so- 
called additive or subtractive color mixing method are used for reproducing or recording a full color image, however, 
a dye having absorption properties capable of realizing a preferred color reproduction region and having fastness 
capable of enduring various use conditions is not found at present and improvements are keenly demanded. 
[0004] The inkjet recording method has been abruptly spread and is further growing because the material cost is 
low, high-speed recording can be obtained, noises are less generated at the recording and color recording is easy. 
[0005] The inkjet recording method includes a continuous system of continuously jetting out a liquid droplet and an 
on-demand system of jetting out a liquid droplet according to image information signals, and the ejection system therefor 
includes a system of ejecting a liquid droplet by applying a pressure using a piezoelectric element, a system of ejecting 
a liquid droplet by generating a bubble in the ink using heat, a system of using an ultrasonic wave, and a system of 
ejecting a liquid droplet by suction using an electrostatic force. 

[0006] The ink used for inkjet recording includes an aqueous ink, an oily ink and a solid (fusion-type) ink. 
[0007] The dye used in these inkjet recording inks is required to have good solubility or dispersibility in a solvent, 
enable high-density recording, provide good color, have fastness to light, heat and active gases in the environment 
(for example, oxidative gas (e.g., NOx, ozone) and SOx), exhibit excellent resistance against water and chemicals, 
ensure good fixing property to an image-receiving material to cause less blurring, give an ink having excellent storability, 
have no toxicity and high purity and be available at a low cost. 

[0008] In particular, a dye having good cyan color and fastness to light and active gases in the environment, partic- 
ularly oxidative gases such as ozone, is strongly demanded. 

[0009] A representative skeleton of the cyan dye used in a water-soluble ink for inkjet recording is phthalocyanine 
ortriphenylmethane. 

[0010] Representative examples of the phthalocyanine dye which has been reported and is used over the widest 
range include phthalocyanine derivatives classified into the following (1) to (6): 



(1) copper phthalocyanine-base dyes such as Direct Blue 86 and Direct blue 87 [for example, Cu-Pc-(S0 3 Na) m : 
a mixture of m=1 to 4] (Pc in this formula and used hereinafter means a phthalocyanine skeleton); 

(2) Direct Blue 199 and phthalocyanine-base dyes described in JP-A-62-1 90273 (the term "JP-A" as used herein . 
means an "unexamined published Japanese patent application"), JP-A-63-28690 JP-A-63-306075 JP-A- 
63-306076, JP-A-2-131983, JP-A-3-1 22171 , JP-A-3-200883, JP-A-7-138511 . etc. [for example. Cu-Pc-(SOoNa) 

« (S0 2 NH 2 ) n : a mixture of m+n=1 to 4]; 

(3) phthalocyanine-base dyes described in JP-A-63-210175, JP-A-63-37176, JP-A-63-304071 , JP-A-5-1 71085 
WO00/081 02, etc. [for example, Cu-Pc-(C0 2 H) m (CONR 1 R 2 ) n : m+n = a number of 0 to 4]; 

(4) phthalocyanine-base dyes described in JP-A-59-30874, JP-A-1 -126381, JP-A-1 -190770. JP-A-6-16982. JP-A- 

7- 82499, JP-A-8-34942, JP-A-8-60053, JP-A-8-113745, JP-A-8-310116, JP-A-1 0-140063, JP-A-1 0-298463 JP-A- 
11-29729, JP-A-1 1-320921, EP-A-1 73476, EP-A-468649, EP-A-559309, EP-A-596383, German Patent 3 411 476 
U.S. Patent 6,086,955, WO99/13009, UK-A-2341868, etc. [for example, Cu-Pc-(S0 3 H) m (S0 2 NR 1 R 2 ) n : m+n = a 
number of 0 to 4 and m*0]; w ~ ^ f ' 

(5) phthalocyanine-base dyes described in JP-A-60-208365, JP-A-61-2772, JP-A-6-57653, JP-A-8-60052 JP-A- 

8- 295819, JP-A-1 0-1 3051 7, JP-A-1 1 -72614, JP-T-11 -515047 (the term "JP-T" as used herein means a "published 
Japanese translation of a PCT patent application"), JP-T-11 -51 5048. EP-A-1 96901 . WO95/29208 W098/49239 
WO98/49240, WO99/50363, W099/67334, etc. [for example, Cu-Pc-(S0 3 H),(S0 2 NH 2 ) m -(S0 2 NR l+m+n = 
a number of 0 to 4]; and 

(6) phthalocyanine-base dyes described in JP-A-59-22967, JP-A-61 -185576, JP-A-1 -95093, JP-A-3-1 95783, 
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EP-A-649881, WO00/08101, WO00/08103, etc. [for example, Cu-Pc-fSOgNR^W n = a number of 1 to 5]. 

[0011] Phthalocyanine-base dyes widely used in general at present, represented by Direct Blue 87 and Direct Blue 
199, are excellent in the light fastness as compared with generally known magenta dyes and yellow dyes. 
[0012] The phthalocyanine-base dye provides a green-tinted color hue under acidic conditions and is improper for 
a cyan ink. In the case of using this dye for a cyan ink. the dye is most suitably used under conditions from neutral to 
alkaline. However, even when the ink is in the region from neutral to alkaline, if the material on which an image or the 
like is recorded is an acidic paper, the color hue of the printed matter may greatly change. 

[001 3] Furthermore, discoloration to a green tint or decoloration occurs due to oxidative gases such as nitrogen oxide 
gas and ozone, which are often taken as a problem.also from an environmental issue, and this simultaneously causes 
reduction in the printing density. 

[0014] On the other hand, the triphenylmethane-base dye provides a good color hue but is very inferior in the light 
fastness, resistance against ozone gas and the like. 

[0015] If the use field hereafter expands and the printed matter is widely used for exhibition such as advertisement, 
the case of being exposed to light or active gases in the environment increases and to cope with this, a dye and an 
ink composition having good color hue, high light fastness and excellent resistance against active gases (for example, 
oxidative gas (e.g., NOx, ozone) and SOx) in the environment are more strongly demanded. 
[0016] However, it is very difficult to find out a cyan dye (for example, phthalocyanine-base dye) and a cyan ink 
satisfying these requirements in a high level. 

[0017] The phthalocyanine-base dyes imparted with ozone gas resistance are heretofore disclosed, for examp!e ; in 
JP-A-3-1 03484, JP-A-4-39365 and JP-A-200O-303009, however, none of these dyes have succeeded in satisfying 
both the color and the fastness to light and oxidative gases. A cyan ink product fully satisfying the requirements on the 
market is not yet provided. 

Disclosure of the Invention 

[0018] The present invention has been made to solve those problems in conventional techniques and achieve the 
following objects. That is, an object of the present invention is to provide: 

(1 ) a novel dye having absorption properties ensuring excellent color reproduction as a dye for three primary colors 
and at the same time, having sufficiently high fastness to light, heat, humidity and active gases in the environment; 

(2) various coloring compositions of giving a color image or a color material excellent in the color.hue and fastness, 
for example, an ink composition for printing by ink jetting or the like, an ink sheet of a heat-sensitive transfer type 
image forming material, an electrophotographic toner, a coloring composition for a color filter used in LCD, PDP 
or CCD, and a dyeing solution for the dyeing of various fibers; and 

(3) an inkjet recording ink and an inkjet recording method, which can form an image having good color hue by the 
use of a phthalocyanine dye derivative and having high fastness to light and active gases in the environment, 
particularly ozone gas. 

[0019] As a result of extensive investigations on phthalocyanine compounds of giving good color hue and high fast- 
ness to light and gases (particularly ozone gas), the present inventors have found that the above-described object can 
be attained by a phthalocyanine compound having conventionally unknown specific oxidation potential and specific 
dye structure (where specific substituent species are introduced into specific substitution sites in a specific number of 
substituents), and further by a phthalocyanine compound represented by the following formula (I), (II), (III), (IV), (V) or 
(VI). The present invention has been accomplished based on this finding. More specifically, the present invention 
provides the followings. 

1 . An ink comprising at least one compound represented by the following formula (I) or (II): 
Formula (I): 
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wherein X 1; X 2 , X 3 and X 4 each independently represents -SO-Z or -S0 2 -Z, wherein each Z independently repre- 
sents a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or 
unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group 
or a substituted or unsubstituted heterocyclic group; 

Y 1> Y 2' Y 3 and Y 4 eacn independently represents a hydrogen atom, a halogen atom, an alkyl group, a cy- 
cloalkyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic group, a cyano group, a hydroxyl 
group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an aryloxy group, an amido group, 
an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an arylthio group, an alkoxycar- 
bonylamino group, a sulfonamido group, a carbamoyl group, an alkoxycarbonyl group, a heterocyclic oxy group, 
an azo group, an acyloxy group, a carbamoyloxy group, a silyloxy group, an aryloxycarbonyl group, an aryloxy- 
carbonylamino group, an imido group, a heterocyclic thio group, a phosphoryl group, an acyl group or an ionic 
hydrophiiic group, which groups each may further have a substituent; 

a 1 to a 4 and b., to b 4 represent the number of substituents X 1 to X 4 and Y 1 to Y 4 , respectively, a 1 to a 4 each 
independently represents an integer of 0 to 4 : provided that all are" not 0 at the same time, and b., to b 4 each 
independently represents an integer of 0 to 4; and 

M represents a hydrogen atom, a metal element or an oxide, hydroxide or halide thereof; " 

provided that at least one of X 1 , X 2 , X 3 , X 4s Y 1 , Y 2 , Y 3 and Y 4 is an ionic hydrophiiic group or a group having 
an ionic hydrophiiic group as a substituent; 
Formula (II): 
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(X 12 )a 12 

wherein X^, X 12 , X 13 and X 14 each independently represents -SOgNR^ and/or a sulfo group, provided thatX 11s 
X 12 , X 13 and X 14 aii are not a sulfo group at the same time above, wherein R 1 represents, when a plurality of R.,s 
are present, each independently represents a hydrogen atom, a substituted or unsubstituted alkyl group, a sub- 
stituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubsti- 
tuted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, 
R 2 represents, when a plurality of R 2 s are present, each independently represents a substituted or unsubstituted 
alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a sub- 
stituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group, and R 1 and R 2 may combine with each other to form a 5- or 6-membered nitrogen-containing 
heterocyclic ring; 

Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 each independently represents a hydrogen atom, a halogen atom, 
an alkyl group, a cycloalkyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic group, a cyano 
group, a hydroxyl group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an aryloxy group, 
an amido group, an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an arylthio group, 
an alkoxycarbonylamino group, a sulfonamido group, a carbamoyl group, an alkoxycarbonyl group, a heterocyclic 
oxy group, an azo group, an acyloxy group, a carbamoyloxy group, a siiyloxy group, an aryloxycarbonyl group, an 
aryloxycarbonylamino group, an imido group, a heterocyclic thio group : a phosphoryl group, an acyl group oran 
ionic hydrophilic group, which groups each may further have a substituent; 

a n to a 14 represent the number of substituents to X 14 , respectively, and each independently represents 
an integer of 0 to 2. provided that all are not 0 at the same time; and 

M represents a hydrogen atom, a metal element or an oxide, hydroxide or halide thereof; 

provided that at least one of X 11; X 12 , X 13 , X 14 , Y 11: Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 is an ionic hydrophilic 
group or a group having an ionic hydrophilic group as a substituent. 

2. The ink as described in 1 above, wherein the compound represented by formula (I) or (II) contains at least one 
compound represented by the following formula (Ml) or (IV): 
Formula (III): 
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(X 22 ) a 22 



wherein X 21 , X 22 , X 23 and X 24 each independently represents -SO-Z and/or -S0 2 -Z, wherein each Z independently 
represents a substituted or unsubstituted alkyl group, a substituted or unsubstitutedcycloalkyl group, a substituted 
or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl 
group or a substituted or unsubstituted heterocyclic group; 

Y 21f Y 22 , Y 23 , Y 24 , Y 25 , Y 26 , Y 27 and Y 28 each independently represents a hydrogen atom, a halogen atom, 
an alkyl group, a cycioalkyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic group, a cyano 
group, a hydroxyl group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an aryloxy group, 
an amido group, an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an arylthio group, 
an alkoxycarbonylamino group, a sulfonamldo group, a carbamoyl group, an alkoxycarbonyl group, a heterocyclic 
oxy group, an azo group, an acyloxy group, a carbamoyloxy group, asilyloxy group, an aryloxycarbonyl group, an 
aryloxycarbonylamino group, an imido group, a heterocyclic thio group : a phosphoryl group, an acyl group or an 
ionic hydrophilic group, which groups each may further have a substituent; 

a 21 to a 24 represent the number of substituents X 21 to X 24 , respectively, and each independently represents 
an integer of 1 to 2; and 

M has the same meaning as M in formula (I); 

provided that at least one of X 21 , X 22 , X 23 , X 24 , Y 21 , Y 22 , Y 23 , Y 24 , Y 25 , Y 26 , Y 27 and Y 28 is an ionic hydrophilic 
group or a group having an ionic hydrophilic group as a substituent; 
Formula (IV): 
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wherein R 11; R 12f R 13 and R 14 each independently represents a hydrogen atom, a substituted or unsubstituted 
alky! group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a sub- 
stituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group; 

V 1 . v 2> v 3 and v 4 eacn independently represents a substituted or unsubstituted alkyl group, a substituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl 
group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group; 

Y 3-h Y 32' Y 33> Y 34> Y 35> Y 36> Y 37 and Y 38 eacn independently represents a hydrogen atom, a halogen atom, 
an alkyl group, a cycloalkyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic group, a cyano 
group, a hydroxy! group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an aryloxy group, 
an amido group, an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an arylthio group, 
an alkoxycarbonylamino group, a sulfonamido group, a carbamoyl group, an alkoxycarbonyl group, a heterocyclic 
oxy group, an azo group, an acyloxy group, a carbamoyloxy group, a silyloxy group, an aryloxycarbonyl group, an 
aryloxycarbonylamino group, an imido group, a heterocyclic thio group, a phosphoryl group, an acyl group or an 
ionic hydrophilic group, which groups each may further have a substituent; and 

M has the same meaning as M in formula (I); 

provided that at least one of R 11s R 12 , R 13 , R 14 , V 1( V 2 , V 3 , V 4 , Y 31 , Y 32 , Y 33 , Y 34 , Y 35 , Y 36 , Y 37 and Y 3 q is 
an ionic hydrophilic group or a group having an ionic hydrophilic group as a substituent. 

3. The ink as described in 1 above, wherein the compound represented by formula (I) or (II) contains at least one 
phthalocyanine compound represented by the following formula (V) or (IV): 
Formula (V): 
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{Z3<0)q 3 S}a 3 3-[- 




-p{S(0)q 1 Z 1 }a 31 



{S{0)q 2 Z 2 }a 32 



wherein 2 U , Z 12 , Z 13 and Z 14 each independently represents a substituted or unsubstituted alkyl group a substi- ' 
tuted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted 
aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group; 

q-i : q 2 , q 3 and q 4 each independently represents an integer of 1 or 2; 

a 31 , a 32 , a 33 and a^ each independently represents an integer of 1 or 2; and 

M has the same meaning as M in formula (I); 

provided that at least one of Z 1t , Z 12 , Z 13 and Z 14 has an ionic hydrophilic group as a subsiituenf 
Formula (VI): 
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wherein R 21 , R 22 . R 23 and R 24 cacn independently represents a hydrogen atom, a substituted or unsubstituted 
alky! group, a substituted or unsubslstuted cycloalkyl group, a substituted or unsubstituted alkeny! group, a sub- 
stituted or unsubstituted aralkyi group a substituted or unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group; 

v n » V 12> V 13 and v u eacn independently represents a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted ar- 
alkyi group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group; and 

M has the same meaning as M m formula (I): ... 

provided that at least one of R 21 . R 2 2 R 23 R 24 v n= V 12> V 13 and v u nas an ionic hydrophilic group as a 
substituent. 

4. The ink as described in any one of 1 to 3 above, wherein the phthalocyanine compound represented by formulae 
(I) to (VI) has at least two ionic hydrophilic groups selected from a carboxyl group, a sulfo group and a quaternary 
ammonium within one molecule. 

5. The ink as described in 4 above, wherein the ionic hydrophilic group is at least either a carboxyl group or a sulfo 
group. 

6. The ink as described in any one of 1 to 5 above, which is an inkjet recording ink. 

7. The ink as described in any one of 1 lo 5 above, which contains the phthalocyanine compound represented by 
formulae (I) to (IV) in an amount of 0.2 % by mass to 10 parts by mass per 100 parts by mass of the ink. 

8. An inkjet recording method, comprising forming an image using the inkjet recording ink described in 6 above 
on an image-receiving material having an ink-accepting layer containing a white inorganic pigment particle on a 
support., . _ _ 

9. A method for improving an ozone gas resistance of a color image material, comprising forming an image using 
the inkjet recording ink described in 6 above. 

10. An ink comprising a phthalocyanine compound having an oxidation potential nobler than 1 .0 V (vs SCE). 

11 . A phthalocyanine compound represented by either formula (I) or (II). 

12. The phthalocyanine compound as described in 11 above, wherein either one of formulae (I) and (II) is repre- 
sented by either one of formulae (III) and (IV). 

13. The phthalocyanine compound as described above, which is represented by either formula (V) or (VI). 
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Best Mode for Carrying Out the Invention 

[0020] The present invention is described in detail below. 

[Phthalocyanine Compound] 

[0021] In the present invention, a phthalocyanine compound having an oxidation potential nobler than 1 .0 V (vs SCE) 
is used. A nobler oxidation potential is more preferred and the oxidation potential is preferably nobler than 1.10 V (vs 
SCE) and most preferably nobler than 1.15 V (vs SCE). 

[0022] The oxidation potential value (Eox) can be easily measured by one skilled in the art and the method therefor 
is described, for example, in P. Delahay, New Instrumental Methods in Electrochemistry, Interscience Publishers (1 954) , 
A J. Bard et al., Electrochemical Methods, John Wiley & Sons (1980), and Akira Fujishima et al., Denkikagaku Sokutei 
Ho (Electrochemical Measuring Method), Gihodo Shuppan Sha (1984). " 
[0023] More specifically a test sample is dissolved to a concentration of 1 :<1 0* 4 to 1 X1 0' 6 mol/liter in a solvent such 
as dimethylformamide or acetonitrile containing a supporting electrolyte such as sodium perchlorate or tetrapropylarn- 
monium perchlorate and the oxidation potential is measured as a value to SCE (saturated calomel electrode) using a 
cyclic voltammetry or a direct current polarography. This value sometimes deviates on the order of tens of millivolt due 
to the effect of liquid junction potential, liquid resistance of sample solution, or the like, however, the reproducibility of 
potential can be guaranteed by adding a standard sample (for example, hydroquinone). The supporting electrolyte and 
solvent used can be appropriately selected according to the oxidation potential or solubility of the test sample. The 
supporting electrolyte and solvent which can be used are described in Akira Fujishima et a! M Denkikagaku Sokutei Ho 
(Electrochemical Measuring Method), pp. 101-118, Gihodo Shuppan Sha (1984). = 

[0024] The Eox value indicates the transferability of an electron from the sample to the electrode and as the value 
is larger (the oxidation potential is nobler), the electron is less transferable from the sample to the electrode, in other 
words, the oxidation less occurs. As for the relationship with the structure of compound, the oxidation potential becomes 
nobler by introducing an electron withdrawing group and becomes baser by introducing an electron donating group. 
In the present invention, the oxidation potential is preferably rendered nobler by introducing an electron withdrawing 
group into the phthalocyanine skeleton so as to reduce the reactivity with ozone which is an electrophilic agent. Ac- 
cordingly when the Hammett's substituent constant op value as a measure for the electron withdrawing property or 
electron donating property of substituent is used, the oxidation potential can be rendered nobler by introducing a sub- 
stituent having a large op value, such as sulfinyi group, sulfonyl group, sulfamoyl group and suifonylsulfamoyl group. 
[0025] Here, the Hammett's substituent constant op value used in the present inveniion is briefly described. The 
Hammett's rule is a rule of thumb advocated by LP. Hammett in 1935 so as to quantitatively discuss the effect of 
substituent on the reaction or equilibrium of benzene derivatives and its propriety is widely admitted at present. The 
substituent constant determined by the Hammett's rule includes a op value and a am value and these values can be 
found in a large number of general publications but these are described in detail, for example, in J.A. Dean (compiler), 
Lange's Handbook of Chemistry. 12th ed., McGraw-Hill (1979), and Kagakuno Ryoiki (Chemistry Region), special 
number, No. 122, pp. 96-103, Nankodo (1 979). In the present invention, each substituent is limited or described using 
the Hammetfs substituent constant op value but this does not mean that the substituent is limited only to those having 
a known value which can be found in the publications. Needless to say, the substituent includes substituents of which 
op value is not known in publications but when measured based on the Hammett's rule, falls within the range specified. 
The op value is used as a measure for showing the electron effect of the substituent in the compounds represented 
by formulae (I), (II), (III), (IV), (V) and (VI) of the present invention, irrespective of the substitution site. In the present 
invention, the op value is hereinafter used in this meaning. 

[0026] The phthalocyanine compound of the present invention includes a salt and a hydrate thereof in addition to 
the phthalocyanine compound itself. 

[0027] The phthalocyanine compounds represented by formulae (I) and (II) of the present invention are described 
in detail below. 
Formula (I); 
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(X 12 )a 12 

50 

[0028] In formula (I), X r , X 2 , X 3 and X 4 each independently represents -SO-Z or. -S0 2 -Z, preferably -S0 2 -Z. . 
[0029] Each Z independently represents a substituted or unsubstituted alkyl group., a substituted or unsubstituted 
cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted 
or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, preferably a substituted or unsubsti- 
55 tuted alkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group : more 
preferably a substituted alkyl group, a substituted aryl group or a substituted heterocyclic group, still more preferably 
a substituted alkyl group or a substituted aryl group, and most preferably a substituted alkyl group. 
[0030] In formula (II) , X 1V X 12 , X 13 and X 14 each independently represents -S0 2 NR 1 R 2 or a sulfo group, preferably 
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- SOgNR^g, provided that X 11t X 12 , X 13 and X 14 all are not a sulfo group at the same time. R 1 and R 2 may combine 
with each other to form a 5- or 6-membered nitrogen-containing heterocyclic ring. 

[0031] Each R 1 independently represents a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted cycioaikyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl 
5 group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, preferably a hy- 
drogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group or a substituted or 
unsubstituted heterocyclic group, more preferably a hydrogen atom, a substituted alkyl group, a substituted aryl group 
or a substituted heterocyclic group, still more preferably a hydrogen atom or a substituted alkyl group, and most pref- 
erably a hydrogen atom. 

10 [0032] Each R 2 independently represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted 
cycioaikyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted 
or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, preferably a substituted or unsubsti- 
tuted alkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted. heterocyclic group, more 
preferably a substituted alkyl group, a substituted aryl group or a substituted heterocyclic group, still more preferably 
a substituted alkyl group or a substituted aryl group, and most preferably a substituted alkyl group. 
[0033] The substituted or unsubstituted alkyl group represented by R 1s R 2 and Z is preferably an alkyl group having 
from 1 to 30 carbon atoms. Examples of the substituent include those described later as the substituent when Z, R 1s 
^2' Y 1> Y 2' Y 3> Y 4> Y n» Y 12> Y 13 Y 14- Y is Y 16 Y 17 and Y 18 can further have a substituent. In particular, a hydroxyl 
group, an alkoxy group, a cyano group, a halogen atom and an ionic hydrophilic group are preferred. 
[0034] The substituted or unsubstituted cycioaikyl group represented by R 1 , R 2 and Z is preferably a cycioaikyl group 
having from 5 to 30 carbon atoms. Examples of the substituent include those described later as the substituent when 
Z, R 1? R 2 , Y 1; Y 2 , Y 3 , Y 4: Y^ , Y 12 , Y 13 . Y 14 . Y 15 . Y 16 . Y 17 and Y 18 can further have a substituent. In particular, a hydroxyl 
group, an alkoxy group, a cyano group, a halogen atom and an ionic hydrophilic group are preferred. 
[0035] The substituted or unsubstituted alkenyl group represented by R v R 2 and Z is preferably an alkenyl group 
25 having from 2 to 30 carbon atoms. Examples of the substituent include those described later as the substituent when 
Z, R 1f R 2 , Y 1f Y 2 , Y 3 , Y 4 , Y 11; Y 12 , Y 13 . Y 14 Y 15 Y 16 . Y 17 and Y 18 can further have a substituent. In particular, a hydroxyl 
group, an alkoxy group, a cyano group, a halogen atom and an ionic hydrophilic group are preferred. 
[0036] The substituted or unsubstituted aralkyl group represented by H v R 2 and Z is preferably an aralkyl group 
having from 7 to 30 carbon atoms. Examples of the substituent include those described later as the substituent when 
30 z, R 1t R 2 , Y v Y 2 , Y 3 , Y 4 , Y 1V Y 12 , Y 13 . Y 14 Y 15 Y 16 . Y 17 and Y 18 can further have a substituent. In particular, a hydroxyl 
group, an alkoxy group, a cyano group a halogen atom and an ionic hydrophilic group are preferred. 
[0037] The substituted or unsubstitulcd ary\ group represented by R-,, R 2 and Z is preferably an aryl group having 
_ from 6 to 30 carbon atoms. Examples of the substr.uent include those described later as the substituent when Z, R 1? 
^2* Y 1> Y 2> Y 3> Y 4> Y n> Y 12> Y 13 Y u Y is Y 16 Y i? and Y is can further have a substituent. In particular, a hydroxyl 
35 group, an alkoxy group, a cyano group, a halogen atom and an ionic hydrophilic group are preferred. 

[0038] The heterocyclic group represcmcd by R r R 2 and Z is preferably a 5- or 6-membered ring and the ring may 
be further condensed. Also, the heterocyclic group may be an aromatic heterocyclic group or a non-aromatic hetero- 
• cyclic group. Examples of the heterocyclic group represented by R 1 , R 2 and Z are shown below in the form of a hete- 
rocyclic ring by omitting the substitution site. The substitution site is not limited and for example, pyridine may be 
•to substituted at the 2-position, 3-position and 4-position. Examples of the heterocyclic group include pyridine, pyrazine, 
pyrimidine, pyridazine, triazine, quinoline. isoquinoline. quinazoline, cinnoline, phthalazine, quinoxaline, pyrrole, indole, 
furan, benzofuran, thiophene. benzothiophene. pyrazole. imidazole, benzimidazole, triazole, oxazole, benzoxazole, 
thiazole, benzothiazole, isothiazole, benzisothiazole. thiadiazole, isoxazole, benzisoxazole, pyrrolidine, piperidine, pip- 
erazine, imidazolidine and thiazoline. In particular, an aromatic heterocyclic group is preferred. Preferred examples 
45 thereof include, shown in the same manner as above, pyridine, pyrazine, pyrimidine, pyridazine, triazine, pyrazole, 
imidazole, benzimidazole, triazole, thiazole, benzothiazole. isothiazole, benzisothiazole and thiadiazole. 
[0039] These groups each may have a substituent and examples of the substituent include those described later as 
• ' the substituent when Z, R 1 , R 2 , Y 1 . Y 2 , Y 3 , Y 4 , Y„ , Y 12 , Y 13 . Y 14 , Y 15 , Y 16 , Y 17 and Y 18 can further have a substituent. 
In particular, a hydroxyl group, an alkoxy group, a cyano group, a halogen atom and an ionic hydrophilic group are 
50 preferred. 

[0040] Y 1( Y 2 , Y 3 , Y 4 , Y 11s Y 12; Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 each independently represents a hydrogen atom, a 
halogen atom, an alkyl group, a cycioaikyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic 
group, a cyano group, a hydroxyl group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an 
aryloxy group, an amido group, an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an 
55 arylthio group, an alkoxycarbonylamino group, a sulfonamide group, a carbamoyl group, an alkoxycarbonyl group, a 
heterocyclic oxy group, an azo group, an acyloxy group, a carbamoyloxy group, a silyloxy group, an aryloxycarbonyl 
group, an aryloxycarbonylamino group, an imido group, a heterocyclic thio group, a phosphoryl group, an acyl group, 
a carboxyl group or a sulfo group, and these groups each may further have a substituent. 
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[0041] Among these, preferred are a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano group, 
an alkoxy group, an amido group, a ureido group, a sulfonamide group, a carbamoyl group, an alkoxycarbonyl group, 
a carboxyl group and a sutfo group, more preferred are a hydrogen atom, a halogen atom, a cyano group, a carboxyl 
group and a sulfo group, and most preferred is a hydrogen atom. 
5 [0042] When Z. R 1( R 2 , Y 1f Y 2 , Y 3 , Y 4 , Y 11( Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 each is a group which can further 
have a substituent, the group may further have the following substituent. 

[0043] Examples of the substituent which is further substituted include a halogen atom (e.g., chlorine, bromine), a 
linear or branched alkyl group having from 1 to 12 carbon atoms, an aralkyl group having from 7 to 18 carbon atoms, 
an alkenyl group having from 2 to 12 carbon atoms, a linear or branched alkynyl group having from 2 to 12 carbon 

10 atoms, a cycloalkyl group having from 3 to 12 carbon atoms, which may have a side chain, and a cycloalkenyl group 
having from 3 to 12 carbon atoms, which may have a side chain. More specific examples thereof include an alkyl group 
(e.g., methyl, ethyl, propyl, isopropyl, tert-butyl, 2-methanesulfonylethyl, 3-phenoxypropyl, trifluoromethyl, cyclopentyl), 
an aryl group (e.g., phenyl, 4-tert-butylphenyl, 2,4-di-tert-amylphenyl), a heterocyclic group (e.g., imidazolyl, pyrazolyl, 
triazolyl, 2-furyl, 2-thienyl, 2-pyrimidinyl, 2-benzothiazolyl), a cyano group, a hydroxyl group, a nitro group, acarboxy 

'5 group, an amino group, an alkyloxy group (e.g., methoxy, ethoxy, 2-methoxyethoxy, 2-methanesulfonylethoxy), an 
aryloxy group (e.g., phenoxy, 2-methylphenoxy, 4-tert-butylphenoxy, 3-nitrophenoxy, 3-tert-butyloxycarbamoylphe- 
noxy, 3-methoxycarbamoyl), an acylamino group (e.g., acetamido. benzamido, 4-(3-tert-butyl-4-hydroxyphenoxy)bu- 
tanamido), an alkylamino group (e.g., methylamino, butylamino, diethylamino, methylbutylamino), an anilino group (e. 
g., phenylamino, 2-chloroanilino), a ureido group (e.g., phenylureido, methylureido, N.N-dibutylureido), asulfamoylami- 

20 no group (e.g., N,N-dipropylsulfamoylaminc), an alkylthio group (e.g., methylthio, octylthio, 2-phenoxyethylthio). an 
arylthio group (e.g., phenylthio, 2-butoxy-5-tert-octylphenylthio, 2-carboxyphenylthio), an alkyloxycarbonylamino group 
(e.g., methoxycarbonylamino), a sulfonamido group (e.g., methanesulfonamido, benzenesulfonamido, p-toluenesul- 
fonamido, octadecane), a carbamoyl group (e.g., N-ethylcarbamoyl, N,N-dibutylcarbamoyl), a sulfamoyl group (e.g., 
N-ethylsulfamoyl, N,N-dipropylsulfamoyl, N,N-diethyl-sulfamoyl), a sulfonyl group (e.g., methanesulfonyl, octanesul- 

25 fonyl, benzenesulfonyl, toluenesulfonyl), an alkyloxycarbonyl group (e.g., methoxycarbonyl; butyloxycarbonyl), a het- 
erocyclic oxy group (e.g., 1 -phenyltetrazol-5-oxy, 2-tetrahydropyranyloxy), an azo group (e.g., phenylazo, 4-methoxy- 
phenylazo, 4-pivaloylamino-phenylazo, 2-hydroxy-4-propanoylphenylazo), ah acyloxy group (e.g., acetoxy), a car- 
bamoyloxy group (e.g., N-methylcarbamoyloxy, N-phenylcarbamoyloxy). a silyloxy group (e.g., trimethylsilyloxy, dib- 
utylmethylsilyloxy), an aryloxycarbonylamino group (e.g., phenoxycarbbnylamino), an imido group (e.g., N-succinimi- 

30 do, N-phthalimido), a heterocyclic thio group (e.g., 2-benzothiazolylthio. 2,4-di-phenoxy-1,3,5-triazole-6-thio, 2-pyri- 
dylthio), a sulfinyl group (e.g., 3-phenoxypropyisulfinyl), a phosphonyl group (e.g., phenoxyphosphonyl, octyloxy-phos- 
phonyl, phenylphosphonyl) , an aryloxycarbonyl group (e.g., phenoxycarbonyl), an acyl group (e.g., acetyl, 3-phenyl- 
propanoyl, benzoyl), an ionic hydrophilic group (e.g., carboxyl, sulfo, quaternary ammonium, sulfonylsulfamoyl, 
acylsulfamoyl), a cyano group, a hydroxyl group, a nitro group, a carboxyl group and an amino group. 

35 [0044] Examples of the halogen atom represented by Y 1s Y 2 , Y 3 , Y 4 , Y„ , V 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 include 
a fluorine atom, a chlorine atom and a bromine atom. 

[0045] The alkyl group represented by Y 1( Y 2> Y 3 , Y 4 , Y^, Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes an alkyl 
group having a substituent and an unsubstituted alkyl group. The alkyl group is preferably an alkyl group having from 
1 to 30 carbon atoms. Examples of the substituent include a hydroxyl group, an alkoxy group, a cyano group, a halogen 
40 atom and an ionic hydrophilic group. Examples of the alkyl group include a methyl group, an ethyl group, a butyl group, 
an isopropyl group, a tert-butyl group, a hydroxyethyl group, amethoxyethyl group, a cyanoethyl group, a trifluoromethyl 
group, a 3-sulfopropyl group and a 4-sulfobutyl group. 

[0046] The cycloalkyl group represented by Y,, Y 2 , Y 3 , Y 4 , Y 11t Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes a 
cycloalkyl group having a substituent and an unsubstituted cycloalkyl group. The cycloalkyl group is preferably a cy- 
45 cloalkyl group having from 5 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Ex- 
amples of the cycloalkyl group include a cyclohexyl group. 

[0047] The alkenyl group represented by Y 1 , Y 2 , Y 3 , Y 4 , Y 1V Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes an alkenyl 
group having a substituent and an unsubstituted alkenyl group. The alkenyl group is preferably an alkenyl group having 
from 2 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Examples of the alkenyl 

50 group include a vinyl group and an altyl group. 

[0048] The aralkyl group represented by Y t , Y 2 , Y 3 , Y 4 , Y 11s Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 include an aralkyl 
group having a substituent and an unsubstituted aralkyl group. The aralkyl group is preferably an aralkyl group having 
from 7 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Examples of the aralkyl 
group include a benzyl group and a 2-phenethyl group. 

55 [0049] The aryl group represented by , Y 2 , Y 3 , Y 4 , Y 1t , Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes an aryl group 
having a substituent and an unsubstituted aryl group. The aryl group is preferably an aryl group having from 6 to 30 
carbon atoms. Examples of the substituent include an alkyl group, an alkoxy group, a halogen atom, an alkylamino 
group and an ionic hydrophilic group. Examples of the aryl group include a phenyl group, a p-tolyl group, a p-methox- 
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yphenyl group, an o-chlorophenyl group and an m-(3-sulfopropyl-amino)phenyl group. 

[0050] The heterocyclic.group represented by Y,, Y 2 , Y 3 , Y 4 , Y 11( Y 12 , Y 13 , Y 14 , Y 15 ,Y 16l Y 17 and Y 18 includes a 
heterocyclic group having a substituent and an unsubstituted heterocyclic group. The heterocyclic group is preferably 
a 5- or 6-membered heterocyclic group. Examples of the substituent include an ionic hydrophilic group. Examples of 
the heterocyclic group include a 2-pyridyl group ; a 2-thienyl group and a 2-furyl group. 

[0051] The alkylamino group represented by Y v Y 2> Y 3 , Y 4 , Y 11; Y 12; Y 13! Y 14 , Y 15 , Y 1S , Y 17 and Y 18 include an 
alkylamino group having a substituent and an unsubstituted alkylamino group. The alkylamino group is preferably an 
alkylamino group having from 1 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. 
Examples of the alkylamino group include a methylamino group and a diethylamino group. 

[0052] The alkoxy group represented by Y v Y 2 , Y 3} Y 4 , Y 1t , Y 12 , Y 13 , Y 14: Y 15 , Y 16 , Y 17 and Y 13 includes an alkoxy 
group having a substituent and an unsubstituted alkoxy group. The alkoxy group is preferably an alkoxy group having 
from 1 to 30 carbon atoms. Examples of the substituent include an alkoxy group, a hydroxyl group and an ionic hy- 
drophilic group. Examples of the alkoxy group include a methoxy group, an ethoxy group, an isopropoxy group, a 
methoxy-ethoxy group, a hydroxyethoxy group and a 3-carboxypropoxy group. 

[0053] The aryloxy group represented by Y t , Y 2 , Y 3l Y 4 , Y„ , Y 12 , Y 13 , Y 14 , Y 15 , Y 16; Y 17 and Y 18 includes an aryloxy 
group having a substituent and an unsubstituted aryloxy group. The aryloxy group is preferably an aryloxy group having 
from 6 to 30 carbon atoms. Examples of the substituent include an alkoxy group and an ionic hydrophilic group. Ex- 
amples of the aryloxy group include a phenoxy group, a p-methoxyphenoxy group and an o-methoxyphenoxy group. 
[0054] The amido group represented by Y 1f Y 2 , Y 3 , Y 4 , Y t1 , Y 12 , Y 13 , Y 14 . Y 15 , Y 16 , Y 17 and Y 18 includes an amido 
group having a substituent and an unsubstituted amido group. The amido group is preferably an amido group having 
from 2 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Examples of the amido 
group include an acetamido group, a propionamido group, a benzamido group and a 3,5-disulfobenzamido group. 
[0055] The arylamino group represented by Y„ Y 2 , Y 3 , Y 4 , Y„, Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes an 
arylamino group having a substituent and an unsubstituted arylamino group. The arylamino group is preferably an 
arylamino group having from 6 to 30 carbon atoms. Examples of the substituent include a halogen atom and an ionic 
hydrophilic group. Examples of the arylamino group include an anilino group and a 2-chloroanilino group. 
[0056] The ureido group represented by Y„ Y 2 , Y 3 , Y 4 , Y 11( Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes a ureido 
group having a substituent and an unsubstituted ureido group. The ureido group is preferably a ureido group having 
from 1 to 30 carbon atoms. Examples of the substituent include an alkyl group and an aryl group. Examples of the 
ureido group include a 3-methylureido group, a 3,3-dimethylureido group and a 3-phenylureido group. 
[0057] The sulfamoylamino group represented by Y„ Y 2 , Y 3: Y 4f Y 11; Y 12 , Y 13 , Y 14 , Y 15; Y 16 , Y 17 and Y 18 includes 
a sulfamoylamino group having a substituent and an unsubstituted sulfamoylamino group. Examples of the substituent 
include an alkyl group. Examples of the sulfamoylamino group include an N,N-dipropylsulfamoylamino group 
[0058] The alkylthio group represented by Y 1 , Y 2 , Y 3 , Y 4; Y„ , Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes an alkylthio 
group having a substituent and an unsubstituted alkylthio group. The alkylthio group is preferably an alkylthio group 
having from 1 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Examples of the. 
alkylthio group include a methylthio group and an eihylthio group. 

[0059] The arylthio group represented by Y 1 , Y 2 . Y 3 , Y 4 , Y 115 Y 12 , Y 13 ; Y 14 , Y 15> Y 16 , Y 17 and Y 18 includes an arytthio 
group having a substituent and an unsubstituted arylthio group. The arylthio group is preferably an arylthio group having 
from 6 to 30 carbon atoms. Examples of the substituent include an alkyl group and an ionic hydrophilic group. Examples 
of the arylthio group include a phenylthio group and a p-tolyfthio group. 

[0060] The alkoxycarbonylamino group represented by Y v Y 2 , Y 3 , Y 4 , Y 11s Y 12: Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 . 
includes an alkoxycarbonylamino group having a substituent and an unsubstituted alkoxycarbonylamino group. The 
alkoxycarbonylamino group is preferably an alkoxycarbonylamino group having from 2 to 30 carbon atoms. Examples 
of the substituent include an ionic hydrophilic group. Examples of the alkoxycarbonylamino group include an ethoxy- 
carbonyl-amino group. 

[0061] The sulfonamide group represented by Y v Y 2 , Y 3 , Y 4 , Y„, Y 12 , Y 13 , Y 14 , Y 15l Y 16 , Y 17 and Y 18 includes a 
sulfonamido group having a substituent and an unsubstituted sulfonamido group. The sulfonamido group is preferably 
a sulfonamido group having from 1 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. 
Examples of the sulfonamido group include methanesulfonamido, benzenesulfonamido and3-carboxybenzenesulfon- 
amido. 

[0062] The carbamoyl group represented by Y 1f Y 2 , Y 3 , Y 4 , Y 11; Y 12 , Y 13 , Y 14 , Y 15 , Y 1B , Y 17 and Y 18 includes a 
carbamoyl group having a substituent and an unsubstituted carbamoyl group. Examples of the substituent include an 
alkyl group. Examples of the carbamoyl group include a methylcarbamoyl group and a dimethylcarbamoyl group. 
[0063] The alkoxycarbonyl group represented by Y 1f Y 2: Y 3 , Y 4 , Y„ , Y 12 . Y 13 , Y 14 , Y 15> Y 16 , Y 17 and Y 18 includes 
an alkoxycarbonyl group having a substituent and an unsubstituted alkoxycarbonyl group. The alkoxycarbonyl group 
is preferably an alkoxycarbonyl group having from 2 to 30 carbon atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the alkoxycarbonyl group include a methoxycarbonyl group and an ethoxycarbonyl 
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group. 

[0064] The heterocyclic oxy group represented by Y v Y 2 , Y 3 , Y 4 , Y 11t Y 12 , Y 13 , Y u , Y 15 , Y 16 , Y 17 and Y 18 includes 
a heterocyclic oxy group having a substituent and an unsubstituted heterocyclic oxy group. The heterocyclic oxy group 
is preferably a heterocyclic oxy group having a 5- or 6-membered heterocyclic ring. Examples of the substituent include 
5 a hydroxyl group and an ionic hydrophilic group. Examples of the heterocyclic oxy group include a 2-tetrahydropyra- 
nyloxy group. 

[0065] The azo group represented by Y-, , Y 2! Y 3 , Y 4 , Y 11} Y 12 , Y 13 , Y u , Y 15 , Y 16t Y 17 and Y 18 includes an azo group 
having a substituent and an unsubstituted azo group. Examples of the azo group include a p-nitrophenylazo group. 
[0066] The acyloxy group represented by , Y 2> Y 3 , Y 4 , Y 115 Y 12 , Y 13 , Y 14t Y 15 , Y 16 , Y 17 and Y 18 includes an acyloxy 
10 group having a substituent and an unsubstituted acyloxy group. The acyloxy group is preferably an acyloxy group 
having from 1 to 30 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Examples of the 
acyloxy group include an acetoxy group and a benzoyloxy group. 

[0067] The carbamoyloxy group represented by Y 1} Y 2: Y 3 , Y 4 , Y 11s Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes a 
carbamoyloxy group having a substituent and an unsubstituted carbamoyloxy group. Examples of the substituent in- 
15 elude an alkyl group. Examples of the carbamoyloxy group include an N-methylcarbamoyloxy group. 

[0068] The silyloxy group represented by Y v Y 2 , Y 3 , Y 4 , Y t1 , Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes a silyloxy 
group having a substituent and an unsubstituted silyloxy group. Examples of the substituent include an alkyl group. 
Examples of the silyloxy group include a trimethylsilyloxy group. 

[0069] The aryloxycarbonyl group represented by Y 1( Y 2 , Y 3 , Y 4; Y 11( Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 includes 
20 ar, aryloxycarbonyl group having a substituent and an unsubstituted aryloxycarbonyl group. The aryloxycarbonyl group 
is preferably an aryloxycarbonyl group having from 7 to 30 carbon atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the aryloxycarbonyl group include a phenoxycarbonyl group. * 
[0070] The aryloxycarbonylamino group represented by Y 1f Y 2 , Y 3 , Y 4 , Y 11? Y 12 , Y 13: Y 14 , Y 15 , Y 16 , Y 17 and Y 18 
includes an aryloxycarbonylamino group having a substituent and an unsubstituted aryloxycarbonylamino group. The 
25 aryloxycarbonylamino group is preferably an aryloxycarbonylamino group having from 7 to 30 carbon atoms. Examples 
of the substituent include an ionic hydrophilic group. Examples of the aryloxycarbonylamino group include a phenox- 
ycarbonylamino group. 

[0071] The imido group represented by Y 1( Y 2: Y 3 , Y 4: Y 1t , Y 12 , Y 13; Y 14: Y 15> Y 16: Y 17 and Y 18 includes an imido' 

group having a substituent and an unsubstituted imido group. Examples of the imido group include an N-phthalimido 
30 group and an N-succinimido group. 

[0072] The heterocyclic thio group represented by Y 1: Y 2 , Y 3? Y 4; Y 11t Y 12; Y 13! Y 14 , Y 15: Y 16; Y 17 and Y 18 includes 

a heterocyclic thio group having a substituent and an unsubstituted heterocyclic thio group. The heterocyclic thio group 
, preferably has a 5- or 6-membered heterocyclic ring. Examples of the substituent include an ionic hydrophilic group. 

Examples of the heterocyclic thio group include a 2-pyridylthio group. 
35 [0073] The phosphoryl group represented by Y 1t Y 2 , Y 3 , Y 4 , Y 11s Y 12 , Y 13 , Y 14 , Y 15 , Y 16 . Y 17 and Y 18 includes a 

phosphoryl group having a substituent and an unsubstituted phosphoryl group. Examples of the phosphoryl group 

include a phenoxy-phosphoryl group and a phenylphosphoryl group. 
■ [0074] The acyl group represented by Y 1? Y 2 , Y 3 , Y 4 , Y 11f Y 12 , Y 13 ,Y 14 , Y 15 , Y 16> Y 17 and Y 18 includes an acyl group 

having a substituent and an unsubstituted acyl group. The acyl group is preferably an acyl group having from 1 to 12 
^0 carbon atoms. Examples of the substituent include an ionic hydrophilic group. Examples of the acyl group include an 

acetyl group and a benzoyl group. 

[0075] In formula (I). a 1 to a 4 and b 1 to b 4 represent the number of the substituents X 1 to X 4 and Y 1 to Y 4 , respectively. 
a t to a 4 each is independently an integer of 0 to 4 and b 1 to b 4 each independently an integer of 0 to 4. Here, when 
a n to a 4 and b 1 to b 4 each is an integer of 2 or more, the plurality of XjS, X 2 s ; X 3 s, X 4 s, Y-jS, Y 2 s, Y 3 s or Y 4 s may be 
^5 the same of different. 

[0076] a 1 and b 1 satisfy the relationship of a 1 +b 1 =4 and each independently represents an integer of 0 to 4. In 
particular, a combination where a 1 is 1 or 2 and b n is 3 or 2 is preferred and a combination where a 1 is 1 and b 1 is 3 
is most preferred. 

a 2 and b 2 satisfy the relationship of a 2 +b 2 =4 and each independently represents an integer of 0 to 4. In particular 
50 a combination where a 2 is 1 or 2 and b 2 is 3 or 2 is preferred and a combination where a 2 is 1 and b 2 is 3 is most preferred. 
[0077] a 3 and b 3 satisfy the relationship of a 3 +b 3 =4 and each independently represents an integer of 0 to 4. In 
particular, a combination where a 3 is 1 or 2 and b 3 is 3 or 2 is preferred and a combination where a 3 is 1 and b 3 is 3 
is most preferred. 

[0078] a 4 and b 4 satisfy the relationship of a 4 +b 4 =4 and each independently represents an integer of 0 to 4. In 
55 particular, a combination where a 4 is 1 or 2 and b 2 is 3 or 2 is preferred and a combination where a 4 is 1 and b 4 is 3 
is most preferred. 

[0079] In formula (II), a^ to a 14 represent the number of substituents X ni to X 14 , respectively, and each represents 
an integer of 0 to 2, provided that a^ to a 14 all are not 0 at the same time, a^ to a 14 each is independently preferably 
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1. In particular, a 11 =a 12 =a 13 =a 14 =1 is more preferred. 

[0080] M represents a hydrogen atom, a metal element, a metal oxide, a metal hydroxide or a metal halide. 
[0081] M is preferably a hydrogen atom, a metal element such as Li, Na. K, Mg, Ti, Zr, V f Nb ; Ta, Cr, Mo. W. Mn, Fe, 
Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, Si, Ge, Sn, Pb, Sb and Bi, a metal oxide such as VO 
and Geo, a metal hydroxide such as Si(OH) 2: Cr(OH) 2 and Sn(OH) 2 , or a metal halide such as AICI, SiCI 2 , VCI, VCI2, 
VOCI, FeCI, GaCI and ZrCI, more preferably Cu, Ni, Zn or Al. and most preferably Cu. 

[0082] In the phthalocyanine compound represented by formulae (I) and (II), the phthalocyanine ring (Pc) may form 
a dimer (for example, Pc-M-L-M-Pc) or a trimer through a divalent linking group (L) and the plurality of Ms may be the 
same or different. 

[0083] The divalent linking group represented by L is preferably an oxy group -0-, a thio group -S-, a carbonyl group 
-CO-, a sulfonyl group -S0 2 -, an imino group -NH-, a methylene group -CH 2 - or a group formed by combining two or 
more of these groups. 

[0084] The molecular weight of the phthalocyanine compound of formulae (I) and (II) is preferably from 750 to 3,000, 
more preferably from 995 to 2,500, still more preferably from 995 to 2,000, particularly preferably from 995 to 1 ,800. 
[0085] However, when in the phthalocyanine compound represented by formulae (I) and (II), the phthalocyanine ring 
(Pc) forms a dimer (for example, Pc-M-L-M-Pc) or a trimer through a divalent linking group (L), the preferred molecular 
weight, for example, the particularly preferred molecular weight is two times (in the case of a dimer) or three times (in 
the case of a trimer) the above-described particularly preferred molecular weight (from 995 to 1 ,800). Here, the preferred 
molecular weight of dimer or trimer is a value including the linking group L. 

[0086] In the phthalocyanine compound represented by formula (I) , at least one of X 1s X 2 , X 3 , X 4 , Y 1s Y 2: Y 3 and Y 4 
is an ionic hydrophilic group or a group having an ionic hydrophilic group as a substituent. 

[0087] In the phthalocyanine compound represented by formula (II), at least one of X 11} X 12 , X 13 , X 14 , Y llf Y 12 , Y 13 , 
Y 14 , Y 15 , Y 16 , Y 17 and Y 18 is an ionic hydrophilic group or a group having an ionic hydrophilic group as a substituent. 
[0088] Examples of the ionic hydrophilic group as a substituent include a sulfo group (-S0 3 "X + ), a carboxyl group 
(-C0 2 'X + ), a quaternary ammonium group (-N+RR'R'X), an acylsulfamoyl group (-S0 2 N + X"COR), a sulfonylcarbamoyl 
group (-CON+X'S0 2 R) and a sulfonylsulfamoyl group (-S0 2 N+X- S0 2 R). Among these, preferred are a sulfo group, a 
carboxyl group and a quaternary ammonium group, more preferred is a sulfo group. The sulfo group, carboxyl group, 
acylsulfamoyl group, sulfonylcarbamoyl group and sulfonylsulfamoyl group each may be in the state of a salt and 
examples of the counter ion for forming a salt include alkali metal ion (e.g., sodium ion. potassium ion), organic cation 
(e.g., tetramethyl guanidium ion), and organic and/or inorganic anion (e.g., halogen ion, methanesulfonate ion, ben- 
zenesulfonate ion). In the parentheses above, X represents a hydrogen atom or a counter ion and R. R' and R" each 
represents a substituent. 

[0089] In the phthalocyanine compound represented by formulae (I) and (II), at least one ionic hydrophilic group or 
at least one group having an ionic hydrophilic group as a substituent is present within one molecule and therefore, this 
compound exhibits good solubility or dispersibility in an aqueous medium. From this viewpoint, the phthalocyanine 
compound represented by formulae (I) and (II) is preferably a compound which has at least two ionic hydrophilic groups 
within one molecule, more preferably a compound where at least one of the plurality of ionic hydrophilic groups is a 
sulfo group, and most preferably a compound which has at least two sulfo groups within one molecule. 
[0090] The phthalocyanine compound represented by formula (I) is preferably a compound having a combination of 
the following (i) to (vi). 

(i) X 1} X 2 , X 3 and X 4 each is independently -S0 2 -Z. 

(ii) Each Z is independently a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group or 
a substituted or unsubstituted heterocyclic group, more preferably a substituted alkyl group, a substituted aryl 
group or a substituted heterocyclic group, and most preferably a substituted alkyl group. 

(iii) Y 1 to Y 4 each is independently a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano group, 
an alkoxy group, an amido group, a ureido group, a sulfonamido group, a carbamoyl group, a sulfamoyl group, an • 
alkoxycarbonyl group, a carboxyl group or a sulfo group, more preferably a hydrogen atom, a halogen atom, a 
cyano group, a carboxyl group or a sulfo group, and most preferably a hydrogen atom. 

(iv) a t to a 4 each is independently 1 or2, more preferably 1 . ^ to b 4 each is independently 3 or 2, more preferably 3. 

(v) M is Cu, Ni, Zn or Al, most preferably Cu. 

(vi) The molecular weight of the phthalocyanine compound is from 750 to 3,000, more preferably from 995 to 2.500, 
still more preferably from 995 to 2,000, and most preferably from 995 to 1 ,800. 

[0091] As for the combination of preferred substituents in the compound represented by formula (I), a compound 
where at least one of various substituents is the preferred group is preferred, a compound where a larger number of 
various substituents are the preferred groups is more preferred, and a compound where all substituents are the pre- 
ferred groups is most preferred. 
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[0092] The phthalocyanine compound represented by formula (II) is preferably a compound having a combination 
of the following (i) to (vii). 

(i) X^ to X 14 each is independently -SOgNR^. 

(ii) R 1 is a hydrogen atom, a substituted or unsubstituted alky! group, a substituted or unsubstituted aryl group or 
a substituted or unsubstituted heterocyclic group, more preferably a hydrogen atom, a substituted alkyl group, a 
substituted aryl group or a substituted heterocyclic group, and most preferably a hydrogen atom. 

(iii) R 2 is a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group or a substituted or 
unsubstituted heterocyclic group, more preferably a substituted alkyl group, a substituted aryl group or a substituted 
heterocyclic group, and most preferably a substituted alkyl group. Furthermore, it is more preferred that at least 
one of R 1 and R 2 has, as a substituent, an ionic hydrophilic group or a group having an ionic hydrophilic group as 
a substituent. 

(iv) Y-h to Y 18 each is independently a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano 
group, an alkoxy group, an amido group, a ureido group, a sulfonamido group, a carbamoyl group, a sulfambyl 
group, an alkoxycarbonyl group, a carboxyl group or a sulfo group, more preferably a hydrogen atom, a halogen 
atom, a cyano group, a carboxyl group or a sulfo group, and most preferably a hydrogen atom. 

(v) a n to a 14 each is independently 1 , more preferably a 11 =a 12 =a 13 =a u =1 . 

(vi) M is Cu, Ni, Zn or Al, most preferably Cu. 

(vii) The molecular weight of the phthalocyanine compound is from 750 to 3,000, more preferably from 995 to 
2,500, still more preferably from 995 to 2,000, and most preferably from 995 to 1,800. 

[0093] As for the combination of preferred substituents in the compound represented by formula (II), a compound 
where at least one of various substituents is the preferred group is preferred, a compound where a larger number of 
various substituents are the preferred groups is more preferred, and a compound where all substituents are the pre- 
ferred groups is most preferred. 

[0094] Among the phthalocyanine compounds represented by formula (I), a phthalocyanine compound represented 
by the following formula (III) is preferred. Also, among the phthalocyanine compounds represented by formula (II), a 
phthalocyanine compound represented by the following formula (IV) is preferred. The phthalocyanine compounds rep- 
resented by formulae (III) and (IV) of the present invention are described in detail below. 
Formula (iii) : 




(X 2 2 ) ^22 



Formula (IV): 
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In formula (III), X 21 , X 22) X 23 and X 24 each independently represents -SO-Z or -S0 2 -Z, preferably -S0 2 -Z 

Z has the same meaning as Z in formula (I) and preferred examples thereof are also the same. 

Y 21 to Y 28 each independently has the same meaning as Y|, Y 2 , Y 3 and Y 4 in formula (I) and preferred 



[0095] 
[0096] 
[0097] 

examples thereof are also the same. 
[0098] aa, to a 24 satisfy 4<a 21+ a 22+ a 23+ a 24 <8, preferably 4<a 21+ a 22+ a 23+ a 24 <6, and each independently represents 
an integer of 1 or 2. In particular, a 21 =a 22 =a 2 3=a 24 =1 is preferred. 
[0099] M has the same meaning as M in formula (I). 

[0100] At least one of X 21 , X 22 , X 23 , X 24 , Y 21 , Y 22 , Y 23 , Y 24 , Y 25 , Y 26 , Y 27 and Y 28 is an ionic hydrophilic group or a 
group having an ionic hydrophilic group as a substituent. 

[0101] Examples of the ionic hydrophilic group are the same as those described above for X. X, X, and X, in 
formula (I) and preferred examples are also the same. 

[0102] In formula (IV), R fl , R 12 , R 13 and R 14 each independently represents a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group 
a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group. 

[0103] Preferred examples of R„, R 12 , R 13 and R 14 are the same as those of R, in formula (II). 

[0104] V,, V 2 , V 3 and V 4 each independently represents a substituted or unsubstituted alkyl group a substituted or 

unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl 

group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group 

[0105] Preferred examples of V,, V 2 , V 3 and V 4 are the same as those of R 2 in formula (II) 

5m Tl l ° I 38 eaCh , inde u pend f nt| y has the same mea ™9 ^ Y 11 , Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 16 in formula 
(II) and preferred examples thereof are also the same. 

[0107] M has the same meaning as M in formula (II) and preferred examples thereof are also the same 

[0108] However, at least one of R„, R 12 , R 13 , R u , V „ V 2 , V 3 , V 4 X 31 , X 32 , X 33 , X M , Y 31 , Y 32 , Y 33 , Y 34 , Y 35 Y 36 . Y 37 

and Y 38 is an ion.c hydrophilic group or a group having an ionic hydrophilic group as a substituent. 

[0109] Examples of the ionic hydrophilic group are the same as those described above for X„ X„ X„ and X in 

formula (II) and preferred examples are also the same. 

[0110] In the phthalocyanine compound represented by formulae (III) and (IV), at least one ionic hydrophilic group 
or at least one group having an ionic hydrophilic group as a substituent is present within one molecule and therefore 
this compound exhibits good solubility or dispersibility in an aqueous medium. From this viewpoint, the phthalocyanine 
compound represented by formulae (III) and (IV) is preferably a compound which has at least two ionic hydrophilic 
groups with.n one molecule, more preferably a compound where at least one of the plurality of ionic hydrophilic groups 
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is a sulfo group, and most preferably a compound which has at least two sulfo groups within one molecule of the 
phthalocyanine compound. 

[0111] The molecular weight of the phthalocyanine compound of formulae (III) and (IV) is preferably from 750 to 
3,000, more preferably from 995 to 2,500. still more preferably from 995 to 2,000, particularly preferably from 995 to 
5 1,800. 

[0112] However, when in the phthalocyanine compound represented by formulae (III) and (IV), the phthalocyanine 
ring (Pc) forms a dimer (for example, Pc-M-L-M-Pc) or a trimer through a divalent linking group (L), the preferred 
molecular weight, for example, the particularly preferred molecular weight is two times (in the case of a dimer) or three 
times (in the case of a trimer) the above-described particularly preferred molecular weight (from 995 to 1 ,800). Here, 
10 the preferred molecular weight of dimer or trimer is a value including the linking group L 

[0113] The phthalocyanine compound represented by formula (III) is preferably a compound having a combination 
of the following (i) to (vi). 

(i) X 21 to X 24 each is independently -S0 2 -Z 
'5 (ii) Each Z is independently a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group or 

a substituted or unsubstituted heterocyclic group, more preferably a substituted alkyl group, a substituted aryl 
group or a substituted heterocyclic group, and most preferably a substituted alkyl group. 

(iii) Y 21 to Y 28 each is independently a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano 
group, an alkoxy group, an amido group, a ureido group, a sulfonamido group, a carbamoyl group, a sulfamoyl 

20 group, an alkoxycarbonyl group, a carboxyl group or a sulfo group, more preferably a hydrogen atom, a halogen 

atom, a cyano group, a carboxyl group or a sulfo group, and most preferably a hydrogen atom. 

(iv) a^ to a 14 each is independently 1 or 2, more preferably a 11 =a 12 =a 13 =a 14 =i . 

(v) M is Cu, NL Zn or Al, most preferably Cu. 

(vi) The molecular weight of the phthalocyanine compound is from 750 to 2,500, more preferably from 995 to 2,500, 
25 still more preferably from 995 to 2,000, and most preferably from 995 to 1 ,800. 



[0114] As for the combination of preferred substituents in the compound represented by formula (III), a compound 
where at least one of various substituents is the preferred group is preferred, a compound where a larger number of 
various substituents are the preferred groups is more preferred, and a compound where all substituents are the pre- 
30 f erred groups is most preferred. 

[01 1 5] The phthalocyanine compound represented by formula (IV) is preferably a compound having a combination 
of the following (i) to (v). 

(i) R 11; R 12 , R 13 and R 14 each is independently a hydrogen atom, a substituted or unsubstituted alkyl group, a 
25 substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, more preferably a 

hydrogen atom, a substituted alkyl group, a substituted aryl group or a substituted heterocyclic group, and most 
preferably a hydrogen atom. 

(ii) V 11f V 12 , V 13 and V 14 each is independently a substituted or unsubstituted alkyl group, a substituted or unsub- 
stituted aryl group or a substituted or unsubstituted heterocyclic group, more preferably a substituted alkyl group, 

-to * a substituted aryl group or a substituted heterocyclic group, and most preferably a substituted alkyl group. Fur- 
thermore, it is more preferred that at least one of R 11: R 12 , R 13 , R 14 , V 1V V 12 , V 13 and V 14 is an ionic hydrophilic 
group or a group having an ionic hydrophilic group as a substituent. 

(iii) Y 31 to Y 38 each is independently a hydrogen atom, a halogen atom, an alkyl group, an aryl group, a cyano 
group, an alkoxy group, an amido group, a ureido group, a sulfonamido group, a carbamoyl group, a sulfamoyl 

4 $ group, an alkoxycarbonyl group, a carboxyl group or a sulfo group, more preferably a hydrogen atom, a halogen 

atom, a cyano group, a carboxyl group or a sulfo group, and most preferably a hydrogen atom. 

(iv) M is Cu, Ni, Zn or Al, most preferably Cu. 

• (v) The molecular weight of the phthalocyanine compound is from 750 to 2,500, more preferably from 995 to 2,500, 
still more preferably from 995 to 2,000, and most preferably from 995 to 1 ,800. 

50 

[0116] As for the combination of preferred substituents in the compound represented by formula (IV), a compound 
where at least one of various substituents is the preferred group is preferred, a compound where a larger number of 
various substituents are the preferred groups is more preferred, and a compound where ail substituents are the pre- 
ferred groups is most preferred. 
55 [01 1 7] Among the phthalocyanine compounds represented by formula (I II), a phthalocyanine compound represented 
by the following formula (V) is preferred. Also, among the phthalocyanine compounds represented by formula (IV), a 
phthalocyanine compound represented by the following formula (VI) is preferred. The phthalocyanine compounds rep- 
resented by formulae (V) and/or (VI) of the present invention are described in detail below. 
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Formula (V) : 



{S(0)q 4 Z 4 }a 34 




{S(0)q 2 Z 2 }a 32 



Formula (VI): 
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[0118] In formula (V), Z 1f Z 2 , Z 3 and Z 4 each independently represents a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubsti- 
tuted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, 
preferably a substituted alkyl group, a substituted aryl group or a substituted heterocyclic group, and most preferably 

5 a substituted alkyl group. 

[0119] The alkyl group represented by Z 1s Z 2 , Z 3 and Z 4 includes an alkyl group having a substituent and an unsub- 
stituted alkyl group. The alkyl group is preferably an alkyl group having from 1 to 12 carbon atoms excluding the 
substituent. Examples of the substituent include a hydroxyl group : an alkoxy group, a cyano group, a halogen atom 
and an ionic hydrophilic group. Examples of the alkyl group include a methyl group, an ethyl group, a butyl group, an 

10 isopropyl group, a tert-butyl group, a hydroxyethyl group, a methoxyethyl group, a cyanoethyl group, a trifluoromethyl 
group, a 3-sulfopropyl group and a 4-sulfobutyl group. 

[0120] The cycloalkyl group represented by Z 1s Z 2 , Z 3 and Z 4 includes a cycloalkyl group having a substituent and 
an unsubstituted cycloalkyl group. The cycloalkyl group is preferably a cycloalkyl group having from 5 to 12 carbon 
atoms excluding the substituent. Examples of the substituent include an ionic hydrophilic group. Examples of the cy- . 

15 cloalkyl group include a cyclohexyl group. 

[0121] The alkenyl group represented by Z t . Z 2: Z 3 and Z 4 includes an alkenyl group having a substituent and an 
unsubstituted alkenyl group. The alkenyl group is preferably an alkenyl group having from 2 to 12 carbon atoms ex- 
cluding the substituent. Examples of the substituent include an ionic hydrophilic group. Examples of the alkenyl group 
include a vinyl group and an allyl group. 

20 [0122] The aralkyl group represented by Z r Z 2 . Z 3 and Z 4 include an aralkyl group having a substituent and an 
unsubstituted aralkyl group. The aralkyl group is preferably an aralkyl group having from 7 to 1 2 carbon atoms excluding 
the substituent. Examples of the substituent include an ionic hydrophilic group. Examples of the aralkyl group include 
a benzyl group and a 2-phenethyl group. 

[0123] The aryl group represented by Z r Z 2 . Z 3 and Z 4 includes an aryl group having a substituent and an unsub- 
25 stituted aryl group. The aryl group is preferably an aryl group having from 6 to 1 2 carbon atoms excluding the substituent. 
Examples of the substituent include an alkyl group, an alkoxy group, a halogen atom, an alkylamino group and an ionic 
hydrophilic group. Examples of the aryl grouo include a phenyl group, a p-tolyl group, a p-methoxyphenyl group, an 
o-chlorophenyl group and an m-(3-sulfopropyl-amino)phenyl group. 

[0124] The heterocyclic group reprcsoniod by 7, Z 2 . Z 3 and Z 4 includes a heterocyclic group having a substituent 
30 and an unsubstituted heterocyclic group. 

[01 25] Each heterocyclic group represented by Z y . Z 2 . Z 3 and Z 4 may be independently a saturated heterocyclic ring 
or an unsaturated heterocyclic ring. 

[01 26] Furthermore, each heterocyclic group represented by Z 1 , Z 2 , Z 3 and Z 4 may independently form a condensed 
ring with other ring. 

55 [01 27] The heterocyclic group represented by Z, . Z ? Z 3 and Z 4 is preferably a 5- or 6-membered heterocyclic group. 
[0128] Examples of the heterocyclic group represented by Z v Z 2 , Z 3 and Z 4 are shown below in the form of a hete- 
rocyclic ring by omitting the substitution sue The substitution site is not limited and for example, pyridine may be 
substituted atthe2-position, 3-position and 4-pcsition. Examples of the heterocyclic group include pyridine, pyrazine,- ■ 
pyrimidine, pyridazine, triazine, quinoline. isoquinolme. quinazoline, cinnoline, phthalazine, quinoxaline, pyrrole, ben- 

40 zopyrrole ; indole, furan, benzofuran. thiophene. benzothiophene, pyrazole, benzopyrazole, imidazole, benzimidazole, 
triazole, oxazole, benzoxazole, thiazole. benzothiazole. isothiazole, benzisothiazole, thiadiazole, isoxazole, benzisox- 
azole, pyrrolidine, piperidine, piperazine. imidazolidine and thiazoline. In particular, aromatic heterocyclic groups are 
preferred. Preferred examples thereof, shown tn the same manner as above, include pyridine, pyrazine, pyrimidine,- 
pyridazine, triazine,. pyrazole, imidazole, benzimidazole. triazole, thiazole, benzothiazole, isothiazole, benzisothiazole 

45 and thiadiazole. 

[0129] In the case where the heterocyclic group represented by Z A , Z 2 , Z 3 and Z 4 further has a substituent, examples 
of the substituent include an alkyl group (R-), an alkoxy group (RO-), an alkylamino group (RNH-, RR'N-) , a carbamoyl 
group (-CONHR), a sulfamoyl group (-S0 2 NHR). a sulfonylamino group (-NHS0 2 R) ; a halogen atom and an ionic 
hydrophilic group (R and R' each represents an alkyl group or a phenyl group and may further have an ionic hydrophilic ■ 
50 group). 

[0130] q l5 q 2 . q 3 and q 4 each independently represents an integer of 1 or 2. preferably 2, most preferably 

qi=q 2 =q 3 =q4 =s 2. 

[0131] a 31 , a 32 , a 33 and a 34 each independently represents an integer of 1 or 2, preferably 1, most preferably 

a 3l =a 32 =a 33 =a 34 =1 ' 

55 [0132] M has the same meaning as M in formula (I). 

[0133] At least one of Z 11; Z 12 . Z 13 and Z 14 has an ionic hydrophilic group as a substituent. 

[0134] Examples of the ionic hydrophilic group are the same as those described above for Z in formula (I) and pre- 
ferred examples are also the same. 
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[0135] The molecular weight of the phthalocyanine compound is preferably from 750 to 2,500, more preferably from 
995 to 2,500, still more preferably from 995 to 2,000, particularly preferably from 995 to 1 ,800. 
[0136] In formula (VI), R 21 , R 22 , R23 and R 24 each independently represents a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, 
a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group, preferably a hydrogen atom, a substituted alkyl group, a substituted aryl group or a substituted 
heterocyclic group, more preferably a hydrogen atom or a substituted alkyl group, and most preferably a hydrogen atom. 
[0137] V 11s V 12 . V 13 and V u each independently represents a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl 
group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, preferably a sub- 
stituted alkyl group, a substituted aryl group or a substituted heterocyclic group, and most preferably a substituted alkyl 
group. 

[0138] The alkyl group represented by R 21 , R^, R^, R 24 , v l1f V 12 , V 13 and V 14 includes an alkyl group having a 
substituent and an unsubstituted alkyl group. The alkyl group is preferably an alkyl group having from 1 to 12 carbon 
atoms excluding the substituent. Examples of the substituent include a hydroxyl group : an alkoxy group, a cyano group, 
a halogen atom and an ionic hydrophilic group. Examples of the alkyl group include a methyl group, an ethyl group, a 
butyl group, an isopropyl group, a tort-butyl group, a hydroxyethyl group, a methoxyethyl group, a cyanoethyl group, 
a trifluoromethyl group, a 3-sulfopropyl group and a 4-sulfobutyl group. 

[0139] The cycloalkyl group represented by R 21 , R 22 , R 23 , R 24 , v 1t , V 12 , V 13 and V 14 includes a cycloalkyl group 
having a substituent and an unsubstituted cycloalkyl group. The cycloalkyl group is preferably a cycloalkyl group having 
from 5 to 12 carbon atoms excluding the substituent. Examples of the substituent include an ionic hydrophilic group. 
Examples of the cycloalkyl group include a cyclohexyl group. 

[0140] The alkenyl group represented by R 21 , R 22 , R 23 , R 24) V 1V V 12 , V 13 and V 14 includes an alkenyl group having 
a substituent and an unsubstituted alkenyl group. The alkenyl group is preferably an alkenyl group having from 2 to 
12 carbon atoms excluding the substituent. Examples of the substituent include an ionic hydrophilic group. Examples 
of the alkenyl group include a vinyl group and an a yl group. 

[0141] The aralkyl group represented by R 21 , R 22 , R 23: R 24 , V 11s V 12 , V 13 and V 14 include an aralkyl group having 
a substituent and an unsubstituted aralkyl group. The aralkyl group is preferably an aralkyl group having from 7 to 12 
carbon atoms excluding the substituent. Examples of the substituent include an ionic hydrophilic group. Examples of 
the aralkyl group include a benzyl group and a 2-phenethyl group. 

[0142] The aryl group represented by R 21 . R 22 , R 23? R 24 . V n , V 12 , V 13 and V 14 includes an aryl group having a 
substituent and an unsubstituted aryl group. The aryl group is preferably an aryl group having from 6 to 12 carbon 
atoms excluding the substituent. Examples of the substituent include an alkyl group, an alkoxy group, a halogen aLom, 
an alkylamino group and an ionic hydrophilic group. Examples of the aryl group include a phenyl group, a p-tolyl group, 
a p-methoxyphenyl group, an o-chlorophenyl group and an m-(3-sulfopropylamino)phenyl group. 
[0143] The heterocyclic group represented by R 21: R 22: R 23: R 24 , V 115 V 12 , V 13 and V 14 includes a heterocyclic group 
having a substituent and an unsubstituted heterocyclic group. 

[0144] Each heterocyclic group represented by R 21 . R 22 , R 23 , R 24 , V 11? V 12: V 13 and V 14 may be independently a 
saturated heterocyclic ring or an unsaturated heterocyclic ring. 

[0145] Furthermore, each heterocyclic group represented by R 21 , R 22 , R 23 , R 24) V 11: V 12 , V 13 and V 14 may inde- 
pendently form a condensed ring with other ring. 

[01 46] The heterocyclic group represented by R 21 , R 22 , R 23 , R 24 , V„ , V 12 , V 13 and V 14 is preferably a 5- or 6-mem- 
bered heterocyclic group. 

[0147] The heterocyclic ring represented by R 21 , R 22 , R 23 , R 24 , V 11s V 12 , V 13 and V 14 or a condensed ring thereof 
is preferably a 5- or 6-membered nitrogen-containing heterocyclic ring (which may further form a condensed ring with 
other ring), provided that when \N V W 2 , W3 and W 4 each independently forms a 6-membered nitrogen-containing 
heterocyclic ring (which may further form a condensed ring with other ring), the number of nitrogen atom constituting 
the 6-membered nitrogen-containing heterocyclic ring is 1 or 2 (the case where the number of nitrogen atoms consti- 
tuting the 6-membered nitrogen-containing heterocyclic ring is 3 or more, for example, a triazine ring, is excluded). 
[0148] Examples of the heterocyclic group represented by R 21 , R 22 , R 23 , R 24l V 11s V 12 , V 13 and V 14 are shown below 
in the form of a heterocyclic ring by omitting the substitution site. The substitution site is not limited and for example, 
pyridine may be substituted at the 2-position, 3-position and 4-position. 

[0149] Examples of the heterocyclic group include pyridine, pyrazine, pyrimidine. pyridazine, quinoline, isoquinoline, 
quinazoline, cinnoline, phthalazine, quinoxaline. pyrrole, benzopyrrole, indole, furan, benzofuran, thiophene, benzo- 
thiophene, pyrazole, benzopyrazole, imidazole, benzimidazole, triazole, oxazole, benzoxazole, thiazole, benzothia- 
zole, isothiazole, benzisothiazole, thiadiazole, isoxazole, benzisoxazole, pyrrolidine, piperidine, piperazine, imidazoli- 
dine and thiazoline. In particular, aromatic heterocyclic groups are preferred. Preferred examples thereof, shown in 
the same manner as above, include pyridine, pyrazine, pyrimidine, pyridazine, pyrazole, imidazole, benzimidazole, 
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triazole, thiazole, benzothiazole, isothiazole, benzisothiazole and thiadiazole. 

[0150] In the case where the heterocyclic group represented by R 21s R 2 2. R23. R 24> v n- V 12« V 13 and V 14 further has 
a substituent, examples of the substituent include an alkyl group (R-), an alkoxy group (RO-), an alkylamino group 
(RNH-, RR'N-), a carbamoyl group (-CONHR). a sulfamoyl group (-S0 2 NHR). a sulfonylamino group (-NHS0 2 R), a 
halogen atom and an ionic hydrophilic group (R and R' each represents an alky! group or a phenyl group and may 
further have an ionic hydrophilic group). 

[0151] M has the same meaning as M in formula (II) and preferred examples thereof are also the same. 
[0152] However, at least one of R 21? R^, R 23: R 24: V 11( V 12 , V 13 and V 14 has an ionic hydrophilic group as a sub- 
stituent. 

[0153] Examples of the ionic hydrophilic group are the same as those described for X 11f X 12 , X 13 and X 14 in formula 
(II) and preferred examples are also the same. 

[0154] The molecular weight of the phthalocyanine compound is preferably from 750 to 2,500, more preferably from 
995 to 2,500, still more preferably from 995 to 2,000, particularly preferably from 995 to 1 ,800. 
[0155] The phthalocyanine compound represented by formulae (V) and (VI) has at least one ionic hydrophilic group 
or at least one group having an ionic hydrophilic group as a substituent within one molecule and therefore, exhibits 
good solubility or dispersibility in an aqueous medium. From this viewpoint, the phthalocyanine compound represented 
by formulae (V) and (VI) is preferably a compound which has at least two ionic hydrophilic groups within one molecule, 
more preferably a compound where at least one of the plurality of ionic hydrophilic groups is a sulfo group, and most 
preferably a compound which has at least two sulfo groups within one molecule of the phthalocyanine compound. 
[0156] The phthalocyanine compound represented by formula (V) is preferably a compound having a combination 
of the following (i) to (vi). 

(i) Zj to Z 4 each is independently a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl 
group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or 
unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, more preferably a substituted alkyl 
group, a substituted aryl group or a substituted heterocyclic group, still more preferably a substituted alkyl group, 
and most preferably an alkyl group having an ionic hydrophilic group as a substituent. 

(ii) q v q 2 , q 3 and q 4 each is independently an integer of 1 or 2, more preferably 2, and most preferably 
Q 1=^2=^3= ^4= 2 - 

(iii) a 31t a 32 , a 33 and each is independently an integer of 1 or 2, more preferably 1, most preferably 

a 31 =a 32 =a 33 =a 34 = 1 ■ 

(iv) M is Cu, Ni, Zn or Al, most preferably Cu. 

(v) The molecular weight of the phthalocyanine compound is from 750 to 2 ; 500, more preferably from 995 to 2,500, 
still more preferably from 995 to 2,000, and most preferably from 995 to 1 ,800. 

(vi) The phthalocyanine compound represented by formula (V) has at least one or more ionic hydrophilic group 
within the molecule and therefore, exhibits good solubility or dispersibility in an aqueous medium. From this view- 
point, the phthalocyanine compound represented by formula (V) is preferably a compound which has at least two 

- ■• ionic hydrophilic groups within one molecule, more preferably a compound where at least one of the plurality of 
ionic hydrophilic groups is a sulfo- group, and most preferably a compound which has at least two sulfo groups 
within one molecule of the phthalocyanine compound. 

[0157] As for the combination of preferred substituents in the compound represented by formula (V), a compound 
where at least one of various substituents is the preferred group is preferred, a compound where a larger number of 
various substituents are the preferred groups is more preferred, and a compound where all substituents are the pre- 
ferred groups is most preferred. 

[0158] The phthalocyanine compound represented by formula (VI) is preferably a compound having a combination 
of the following (i) to (v). 

(i) R 21 , R 22 , R 23 and R 24 each is independently a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsub- 
stituted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, 
more preferably a hydrogen atom, a substituted alkyl group, a substituted aryl group or a substituted heterocyclic 
group, and most preferably a hydrogen atom. 

(ii) V 11: V 12 , V 13 and V 14 each is independently a substituted or unsubstituted alkyl group, a substituted or unsub- 
stituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, 
a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group, more preferably a 
substituted alkyl group, a substituted aryl group or a substituted heterocyclic group, and most preferably an alkyl 
group having an ionic hydrophilic group as a substituent. 
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(iii) M is Cu, Ni, Zn or Al, most preferably Cu. 

(iv) The molecular weight of the phthalocyanine compound is from 750 to 2,500, more preferably from 995 to 2,500, 
still more preferably from 995 to 2,000, and most preferably from 995 to 1 r 800. 

(v) The phthalocyanine compound represented by formula (VI) has at least one ionic hydrophilic group within the 
molecule and therefore, exhibits good solubility or dispersibility in an aqueous medium. From this viewpoint, the 
phthalocyanine compound represented by formula (VI) is preferably a compound which has at least two ionic 
hydrophilic groups within one molecule, more preferably a compound where at least one of the plurality of ionic 
hydrophilic groups is a sulfo group, and most preferably a compound which has at least two sulfo groups within 
one molecule. 

[0159] As for the combination of preferred substituents in the compound represented by formula (VI), a compound 
where at least one of various substituents is the preferred group is preferred, a compound where a larger number of 
various substituents are the preferred groups is more preferred, and a compound where all substituents are the pre- 
ferred groups is most preferred. 

[0160] The phthalocyanine compounds represented by formulae (I), (II), (HI), (IV). (V) and (VI) of the present invention 
are described in detail below. 

[01 61] Phthalocyanine derivatives conventionally used are a mixture of isomers different in the site to which a specific 
substituent is introduced (depending on the case, the number of sites to which introduced). The compounds (the com- 
pounds represented by formulae (II) to (VI): phthalocyanine derivatives having a specific structure where specific sub- 
stituents each in a specific number are selectively introduced into specific sites) of the present invention each is a novel 
compound having a specific structure which has heretofore not been isolated and recognized. By virtue of the perform- 
ance brought out from the specific structure, these compounds are very useful as a water-soluble dye for ink jetting 
imparted with high functionality or as an intermediate for the synthesis of the water-soluble dye (a system comprising 
a mixture of isomers different in the site to which a specific substituent is introduced, namely, conventional phthalocy- 
anine derivatives, cannot exert the objective performance of high level) and can be a useful intermediate for chemical, 
medical or agricultural organic compounds 

[0162] It is generally known to use various phthalocyanine derivatives as the ink composition for Inkjet recording. 
The phthalocyanine derivative represented by the following formula (VII) sometimes contains an isomer differing in the 
substitution site of the substituent R n (n- 1 :o 16) (here R 1 to R 16 are defined as 1 -position to 16-position, respectively), 
which inevitably occurs at the time of synthesis however, these substitution site isomers are not distinguished from 
each other but regarded as the same derivative in many cases. Also, in the case where the substituent R contains an 
isomer, these are not distinguished but regarded as the same phthalocyanine derivative in many cases 
. Formula (VII) : 




*7 *6 
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[0163] When it is stated that the phthalocyanine compound is different in the structure, this is defined in the present 
invention as follows by referring to formula (VII). That is, when the constituent atom species of the substituent R n (n=1 
to 1 6) is different, this means that the number of substituents R n is different or that the substitution site of the substituent 
R n is different. 

5 [0164] In the present invention, the derivatives where the structure of the phthalocyanine compound represented by 
formula (VII) is different (particularly, in the substitution site) are defined by classifying these into the following three 
types. 

(3-Position substitution type: 

10 

[01 65] A phthalocyanine compound having specific substituents at the 2- and/or 3-position, the 6- and/or 7-position, 
the 10- and/or 11 -position, and the 14- and/or 15-position. 

a-Position substitution type: 

75 

[0166] A phthalocyanine compound having specific substituents at the 1- and/or 4-position, the 5- and/or 8-position, 
the 9- and/or 12-position, and the 13- and/or 16-position. 

a,p-Position mixed substitution type: 

20 

[0167] A phthalocyanine compound having specific substitutions at the 1- to 16-position without any regularity. 
[0168] In the present invention, phthalocyanine compound derivatives different in the structure (particularly, in the 
substitution site) are described by using these (3-position substitution type ; a-position substitution type and a s (3-position 
mixed substitution typo. 

25 [0169] The phthalocyanine derivative for use in the present invention can be synthesized by combining the methods 
described or cited, for example, in Shirai and Kobayashi, Phthalocyanine -Kagaku to Kino- (Phthalocyanine -Chemistry 
and Function-), pp. 1-62, IPC ? andC.C. Leznoff and A.B.P. Lever, Phthalocyanines - Properties and Applications, pp. 
1-54, VCH, or methods analogous thereto. 

[0170] Phthalocyanine compounds heretofore reported can be synthesized, for example, through sulfonation, sulfo- 
30 nyl chloridation or amidation of an unsubstituted phthalocyanine compound as described in International Patents 
WO00/17275, WOOO/08103, WO00/08101 and W098/41853 and JP-A-1 0-36471 . 

[0171] In this case. (1) sulfonation takes place at any site of the phthalocyanine nucleus and (2) the number of sites 
sulfonated is difficult to control. 

[0172] Accordingly, when a sulfo group is introduced under such reaction conditions, the site and number of sulfo 
35 groups introduced into the product cannot be specified and a mixture of those different in the number of substituents 
or in the substitution site inevitably results. 

[0173] If a phthalocyanine compound is synthesized starting from such a product, the compound is obtained as a 
■ mixture containing several kinds of compounds different in the number of substituents or in the substitution site because 
the number of sulfamoyl groups substituted or their substitution sites cannot be specified. 
•to [0174] As described above, for example,- when many electron withdrawing groups such as sulfamoyl group are in- 
troduced into the phthalocyanine nucleus, the oxidation potential becomes nobler and the ozone resistance is in- 
creased. 

[0175] However, according to the above-described synthesis method, a phthalocyanine dye where the number of 
electron withdrawing groups introduced is small, namely the oxidation potential is baser, is inevitably mingled. 
45 [0176] Accordingly, in order to improve the ozone resistance, it is necessary to use a synthesis method where the 
production of a compound having a baser oxidation potential is suppressed. 

[0177] On the other hand, out of the phthalocyanine compounds represented by formulae (I) to (VI) of the present 
invention, for example, the phthalocyanine compound represented by formula (VIII) can be synthesized by reacting a 
phthalonitrile derivative represented by the following formula (IX) and/or a diiminoisoindoline derivative represented 

50 by the following formula (X) with a metal derivative represented by the following formula (XI). 

[0178] Also, the phthalocyanine compound represented by formula (VIII) of the present invention can be synthesized 
by reacting a sodium 4-sulfophthalate represented by formula (XII) and a metal derivative represented by formula (XI) 
to obtain phthalocyanine copper(ll)-tetrasodium tetrasulfonate, deriving a corresponding sulfonyl chloride therefrom 
and reacting it with an objective amine or aniline derivative (for example, when G 1: G 2: G 3 and G 4 are G^ {-S0 2 N(R 21 ) 

55 (V^)}, G 2 : {-S0 2 N(R 2 ^ 

[0179] In formula (VIII), I, m : n and p have the same meaning as t in formula (IX) and/or formula (X). In formula (VIII), 
G 1; G 2 , G 3 and G 4 each independently represents G,: {-S(0)q 1 -Z 1 }, G 2 : {-S(0)q 2 -Z 2 ), G 3 : {-S(0)q 3 -Z 3 } and G 4 : {-S 
(OJq^ZJ in formula (V) and/or G,: {-S0 2 N(R 21 )(V 11 )} > G 2 : {-S0 2 N(R 22 )(V 12 )}, G 3 :{-S0 2 N(R 23 )(V 13 )} and G 4 : {-S0 2 N 
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S0 3 Na 



Formula (XI): 
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M-(Y) d 

wherein M has the same meaning as M in formulae (I) to (IV), Y represents a monovalent or divalent ligand such as 
5 halogen atom, acetate anion, acetyl acetonate and oxygen, and d represents an integer of 1 to 4. 

[0180] Examples of the metal derivative represented by formula (XI) include a halide, a carboxylic acid derivative, a 
sulfate, a nitrate, a carbonyl compound, an oxide and a complex of Al, Si, Ti, V, Mn, Fe, Co, Ni, Cu, Zn, Ge, Ru, Rh, 
Pd, In , Sn . Pt and Pb. Specific examples thereof include copper chloride, copper bromide, copper iodide, nickel chloride, 
nickel bromide, nickel acetate, cobalt chloride, cobalt bromide, cobalt acetate, iron chloride, zinc chloride, zinc bromide, 
10 zinc iodide, zinc acetate, vanadium chloride, vanadium oxytrichloride, palladium chloride, palladium acetate, aluminum 
chloride, manganese chloride, manganese acetate, acetylacetone manganese, manganese chloride, lead chloride, 
lead acetate, indium chloride, titanium chloride and tin chloride. 

[0181] The amounts of the metal derivative and the phthalonitrile compound represented by formula (IX) used are 
preferably, in terms of the molar ratio, from 1 :3 to 1 :6. 
is [0182] The amounts of the metal derivative and the diiminoisoindoline derivative represented by formula (X) are 
preferably, in terms of the molar ratio, from 1 :3 to 1 :6. 

[0183] The reaction is usually performed in the presence of a solvent. For the solvent, an organic solvent having a 
boiling point of 80°C or more, preferably 130°C or more is used. Examples thereof include n-amyl alcohol, n-hexanol, 
cyclohexanol, 2-methyl-1 -pentanol, 1 -heptanol. 2 -heptanol, 1 -octanol, 2-ethylhexanol, benzyl alcohol, ethylene glycol, 
20 propylene glycol, ethoxyethanol, propoxyethanol, butoxyethanol, dimethylaminoethanol, diethylaminoethanol, trichlo- 
robenzene, chloronaphthalene, sulfolane, nitrobenzene, quinoline and urea. The amount of the solvent used is from 
1 to 100 times in mass, preferably from 5 to 20 times in mass, the phthalonitrile compound. 

[0184] In the reaction, 1 ,8-diazabicyclo[5.4.0] -7-undecene (DBU) or ammonium molybdate may be added as the 
catalyst. The amount added thereof is from 0.1 to 1 0 molar times, preferably from 0.5 to 2 molar times per 1 mol of the 
25 phthalonitrile compound and/or diiminoisoindoline derivative. 

[0185] The reaction temperature is from 80 to 300°C, preferably from 100 to 250°C, more preferably from 130 to 
230°C. If the reaction temperature is less than 80°C, the reaction rate is extremely low, whereas if it exceeds 300°C, 
decomposition of the phthalocyanine compound may occur. 

[0186] The reaction time is from 2 to 20 hours, preferably from 5 to 15 hours ; more preferably from 5 to 1 0 hours. If 
so the reaction time is iess than 2 hours, unreacted raw materials remain in a large amount, whereas if it exceeds 20 
hours, decomposition of the phthalocyanine compound may occur. 

[0187] The product obtained by this reaction is treated according to the normal after-treating method in the organic 
synthesis reaction and then through or not though purification, used as a commercial product. 
[01 88] More specifically, for example, the product isolated from the reaction system can be provided as a commercial. 
35 . product without purifying it or after performing a purification operation by using recrystallization, column chromatogra- 
phy (for example, gel permeation chromatography (SEPHADEX™ LH-20; produced by Pharmacia)) or the like individ- 
ually or in combination. 

- [0189] Also, after the completion of reaction, the reaction solvent may or may not be removed by distillation, the 
product is charged in water or ice and then may or may not be neutralized, and the product isolated can be provided 
to as a commercial product without purifying it or after performing a purification operation by using recrystallization, column 
chromatography or the like individually or in combination. 

[0190] Furthermore, after the completion of reaction, the reaction solvent may or may not be removed by distillation, 
the product is charged in water or ice, neutralized or not neutralized, and then extracted with an organic solvent/an 
aqueous solution, and the product extracted can be provided as a commercial product without purifying it or after 

is performing a purification operation by using crystallization or column chromatography individually or in combination. 
[0191] The thus-obtained phthalocyanine compound represented by formula (VIII) (for example, when l=m=n=p=1 ) 
is usually a mixture of compounds represented by the following formulae (a)-1 to (a)-4, which are isomers different in 
the sites to which substituents G 1 (S0 2 -Z 1 ) t G 2 (S0 2 -Z 2 ), G 3 (S0 2 -Z 3 ) and G 4 (S0 2 -Z 4 ), and/or G 1 {S0 2 N-(R 21 )(V 11 )}, 
G 2 {-S0 2 N : (R 22 )(V 12 )}, G 3 {-S0 2 N-(R 23 )(V 13 )} and G 4 {-S0 2 N-(R 24 )(V 14 )} are introduced (the introduction sites are com- 

50 monly the (3-position). 
Formula (a)-1: 
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Formula (a) -4: 




G 2 



[01 92] The compounds represented by formulae (a)-1 to (a)-4 are a p-position substitution type compound (a phthalo- 
cyanine compound having specific substituents at the 2- and/or 3-position 5 the 6- and/or 7-position, the 10-and/or 
11 -position : and the 14- and/or 15-position) and utterly different in the structure (different in the introduction sites of 
specific substituents) from the a-position substitution type and the oc^-position mixed substitution type. This structural 
feature is very important for achieving the objects of the present invention. 
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[0193] The correlation between the structure and the performance of the phthalocyanine compound of the present 
invention is described below from two aspects, that is, (1 ) oxidation potential of the phthalocyanine compound for use 
in an ink for the image formation and (2) structural feature of the phthalocyanine compound. 

(1) Oxidation Potential of Phthalocyanine Compound of the Present Invention 

[0194] In the present invention, specific substituents represented, for example, by -{SO-Z}, -{S0 2 -Z} in formula (I) 
and/or {-S0 2 N-(R 1 )(R 2 )} in formula (II) are very important for the improvement of fastness. 

[0195] The oxidation potential (Eox) value indicates the transferability of an electron from a sample to an electrode 
and as the value is larger (the oxidation potential is nobler), the electron is less transferable from a sample to an 
electrode, in other words, the oxidation less occurs. 

[01 96] As for the relationship with the structure of phthalocyanine compound, the oxidation potential becomes nobler 
by introducing an electron withdrawing group and becomes baser by introducing an electron donating group. 
[01 97] In the present invention, the oxidation potential is preferably rendered nobler by introducing an electron with- 
drawing group into the phthalocyanine skeleton so as to reduce, for example, the reactivity with ozone which is an 
electrophilic agent. 

[0198] Accordingly, a compound where those specific substituents-{SO-Z}, -{S0 2 -Z} and/or {-S0 2 N-(R 1 )(R 2 )} as an 
electron withdrawing group are selectively introduced into specific sites (^position substitution type) in a specific 
number {when this is described by referring to the phthalocyanine mother nucleus represented by formula (VII), at least 
one specific substituent described above is introduced into each pair of (2-position and/or 3-position), (6-position and/ 
or 7-position), (1 0-pcsition and 11 -position) and (1 4-position and 1 5-position)) can render nobler the oxidation potential 
of the corresponding phthalocyanine compound. 

[01 99] In all phthalocyanine compounds of the present invention, the oxidation potential is nobler than 1 .0 V (vs SCE) 
and this physical value has been found to be very important for the improvement of fastness of an image formed. 
[0200] In other words, this characteristic feature (governing the oxidation potential of phthalocyanine compound) in 
the structure is very important as a technique for achieving the improvement of fastness of an image formed : that is. 
the improvement of preservability (light fastness, ozone gas resistance, etc.), which is one object of the present inven- 
tion. 

(2) Structural Feature of Phthalocyanine Compound 

[0201] The compounds represented by formulae (II), (III), (IV), (V) and (VI) of the present invention come under the 
above-described p-position substitution type (a phthalocyanine compound having specific substituents at the 2- and/ 
or 3-position, the 6- and/or 7-position, the 10-and/or 11 -position and the 14- and/or 15-position). 
[0202] In the present invention, an aggregate of water-soluble phthalocyanine compound originated in the (3-position 
substitution type (the phthalocyanine compound having specific substituents at the 2- and/or 3-position, the 6- and/or 
7-position, the 10- and/or 11 -position and the 14- and/or 15-position) is effectively used. 

[0203] The aggregate of phthalocyanine compound as used in the present invention means an aggregate formed 
by two or more phthalocyanine molecules. 

[0204] It has been found that when the aggregate of phthalocyanine compound of the present invention is used, 
stability against light, heat and oxidative gases (particularly ozone gas) is remarkably improved as compared with the 
compound in the monomolecular dispersion state. 

[0205] It has been also found that by the formation of an aggregate, the spectral properties (cyan color hue, excellent 
absorption property as a cyan dye for image forming materials) of the formed image are greatly improved and the paper 
dependency ascribable to difference in the material on which an image is recorded (for example, plain paper and inkjet 
special paper) is very small {good color hue (color reproducibility) and improved water resistance; these are brought 
about because, for example, the difference in the existing state or mordanted state is small due to the firm aggregate}. 
[0206] Whether or not the dye is aggregated can be easily determined from the shift of absorption maximum (kmax) 
in the absorption spectrum as described, for example, in J.D. Wright (translated by Taro Eguchi), Bunshi Kessho (Mo- 
lecular Crystal), Kagaku Dojin. In general, the aggregate is classified into two types, namely, J-aggregate which shifts 
to the long wave side, and H-aggregate which shifts to the short wave side. In the present invention, an aggregate is 
formed by the shifting of the absorption maximum to the short wave side and this aggregate is used as the water- 
soluble phthalocyanine aggregate. 

[0207] It has been found that the structural feature of the water-soluble phthalocyanine compound of the present 
invention, more specifically, a compound where specific substituents {the above-described -SO-Z and/or -S0 2 -Z and/ 
or -S0 2 N-(R 1 )(R 2 )} are introduced in a specific number into specific sites ((5-position substitution type) of the phthalo- 
cyanine mother nucleus, accelerates the aggregated state and this structure is most preferred in view of fastness and 
color hue of the formed image. 
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[0208] By virtue of this effect (promotion of aggregated state), (1) the improvement of fastness (improvement of 
preservability) of the formed image as one object of the present invention is achieved, (2) very excellent spectral 
properties (cyan color hue, excellent absorption property as a cyan dye for image forming materials) of the formed 
image as another object of the present invention are realized and at the same time, (3) the paper dependency ascribable 
5 to the difference in the material on which the image is recorded (for example, plain paper and inkjet special paper) 
becomes small. Therefore, the structural feature that the phthalocyanine compound is a (3-position substitution type is 
very important (which governs the promotion of aggregation of the phthalocyanine compound) for satisfying these (1) 
to (3). 

[0209] The ozone gas resistance is referred to in the present invention by using the resistance against ozone gas 
10 as a representative and includes resistance against oxidative atmospheres other than ozone gas. That is, the phthalo- 
cyanine compound represented by formula (!) according to the present invention is characterized by the strong resist- 
ance against oxidative gases present in the general environment, such as nitrogen oxide mostly contained in the 
exhaust gas of automobiles, sulfur oxide mostly contained in the exhaust from thermal power stations or factories, 
ozone gas generated from these gases by a photochemically caused radical chain reaction with solar light, photo- 
's chemical smog abundant in oxygen-nitrogen or oxygen-hydrogen radical, and hydrogen peroxide radical generated 
from sites using special chemicals, for example, hair saloon. Accordingly, in the case where the image life is limited 
by the oxidative deterioration of image, such as outdoor advertisement and guide in railroad facility, the resistance 
against oxidative atmosphere, namely, the ozone gas resistance can be improved by using the phthalocyanine com- 
pound of the present invention as the image-forming material. 
20 [0210] To summarize these, in the present invention, it has been found that specific substituents represented, for 
example, by -SO-Z and -S0 2 -Z in formula (I) and -S0 2 N-(R 1 )(R 2 ) in formula (II) are very important for the improvement 
of fastness (high oxidation potential) in any substitution type and furthermore confirmed that a derivative where specific 
substituents are selectively introduced in a specific number (for example, from 4 to 8 per one molecule of the. phthalo- 
cyanine compound and in the case of the phthalocyanine represented by formula (VII) , containing at least one specific 
25 substituent in each pair of (2-position and/or 3-position), (6-position and/or 7-position), (10-position and 11 -position) 
and (14-position and 15-position)) into specific sites (for example, p-position substitution type is by far more preferred 
than a-position substitution type and apposition mixed substitution type) of the phthalocyanine nucleus is a phthalo- ■ 
cyanine compound having a very important structural feature for achieving the objects of the present invention.- 
[0211] The reasons why the objects of the present invention can be achieved are not particularly known but consid- 
30 ered because specific substituents are selectively introduced in a specific number into specific substitution sites of a 
phthalocyanine compound of the present invention having (1) good spectral absorption characteristics (promotion of 
aggregated state of phthalocyanine compound) and (2) high image fastness (for example, discoloration by an oxidative 
reaction between a phthalocyanine compound and an ozone gas as an electrophilic reagent is suppressed by the high 
•oxidation potential and the promotion of firmly aggregated state) and thereby a completely (3-position substitution-type 
35 phthalocyanine compound aggregate having a high oxidation potential is produced. 

[0212] In these pages, the correlation between the structure and the performance of the phthalocyanine compound 
of the present invention is described, but the great effect on the improvement of color hue, light fastness, ozone gas 
.resistance and the like brought about by the structural feature using specific substituents can be hardly anticipated'* 
from conventional techniques. 

40 [021 3] Specific examples of the phthalocyanine compound represented by formula (VII) of the present invention are 
set forth in the following tables (Compounds 1 01 to 226) by specifically showing R ni to R 16 . however, the phthalocyanine 
compound for use in the present invention is not limited thereto. 

[0214] In Tables, specific examples of each pair of (R 1 R 4 ) ! (R 2 R 3 ) S ( R 5 R 8)> ( R 6 R 7>> ( R 9 R 12)> ( R io R n)> (^3 R 16) and 
(R 14 R 15 ) are independently shown in an irregular order. 
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R- S0 2 -f-CH 2 *yS0 3 K 



[0215] The phthalocyanine compound of the present invention can be used as an ink. preferably an ink for the for- 
mation of an image. 

[0216] Examples of the use of the compound of the present invention include a material for forming an image par- 
ticularly a color .mage. Specific examples thereof include an Inkjet recording material which is described in detail later 
a heat-sensit.ve transfer-type image recording material, a pressure-sensitive recording material, a recording material 
using an electrophotographic system, a transfer-type silver halide light-sensitive material, a printing ink and a recording 
pen. Among these, preferred are an inkjet recording material, a heat-sensitive transfer-type image recording material 
and a recording material using an electrophotographic system, more preferred is an inkjet recording material The 
compound of the present invention can also be applied to a color filter used in solid image pick-up devices such as 
LCD and CCD described in U.S. Patent 4,808,501 and JP-A-6-35182 or to a dyeing solution for dyeing various fibers 
The dye of the present invention is used after the physical properties such as solubility and heat transferability are 
adjusted to be suitable for use by the substituent. Furthermore, the compound of the present invention can be used in 
a uniformly dissolved state, a dispersed and dissolved state such as emulsification dispersion, or a solid dispersion 
state, according to the system where the compound is used. ■ • ■ 

[Inkjet Recording Ink] 

[0217] The inkjet recording ink of the present invention is described below. 

[0218] The inkjet recording ink can be produced by dissolving and/or dispersing the above-described phthalocyanine 

compound in a lipophilic or aqueous medium. An ink using an aqueous medium is preferred 

[0219] If desired, other additives are added within the range of not impairing the effect of the present invention 

Examples of other additives include known additives such as drying inhibitor (wetting agent), discoloration inhibitor. 

emulsif.cation stabilizer, permeation accelerator, ultraviolet absorbent, antiseptic, fungicide. pH adjusting agent surface 

tension adjusting agent, defoaming agent, viscosity adjusting agent, dispersant. dispersion stabilizer, rust inhibitor and' 

chelating agent. These various additives are directly added to the ink solution in the case of a water-soluble ink When 

an oil-soluble dye is used in the form of a dispersion, the additives are generally added to the dispersion after the 

preparation of a dye dispersion but may be added to the oil or aqueous phase at the preparation 

[0220] The drying inhibitor is suitably used for the purpose of preventing occurrence of clogging due to drying of the 

inkjet ink at the ink jetting port of a nozzle used for the inkjet recording system. 

[0221] The drying inhibitor is preferably a water-soluble organic solvent having a vapor pressure lower than water. 
Specific examples thereof include polyhydric alcohols represented by ethylene glycol, propylene glycol diethylene 
glycol, polyethylene glycol, thiodiglycol, dithiodiglycol, 2-methyl-1 ,3-propanediol. 1 .2,6-hexanetriol acetylene glycol 
derivative, glycer.n and trimethylolpropane; lower alkyl ethers of polyhydric alcohol, such as ethylene glycol monome- 
thyl(or ethyl) ether, diethylene glycol monomethyl(or ethyl) ether and triethylene glycol monoethyl(or butyl) ether- het- 



52 



1364994A1 I > 



EP 1 364 994 A1 

erocyclic rings such as 2-pyrrolidone, N-methyl-2-pyrrolidone, 1,3-dimethyl-2-imidazolidinone and N-ethylrnorpholine; 
sulfur-containing compounds such as sulfolane, dimethylsulfoxide and 3-sulfolene; polyfunctional compounds such as 
diacetone alcohol and diethanolamine; and urea derivatives. Among these, polyhydric alcohols such as glycerin and 
diethylene glycol are preferred. These drying inhibitors may be used individually or in combination of two or more 

5 thereof. The drying inhibitor is preferably contained in the ink in an amount of 10 to 50 mass%. 

[0222] The permeation accelerator is suitably used for the purpose of obtaining higher permeation of the inkjet ink 
into paper. Examples of the permeation accelerator which can be used include alcohols (e.g., ethanol, isopropanol, 
butanol, di(tri)ethylene glycol monobutyl ether, 1,2-hexanediol), sodium laurylsulfate, sodium oleate and nonionic sur- 
factants. A sufficiently high effect can be obtained by adding from 5 to 30 mass% of the permeation accelerator to the 

10 ink. The permeation accelerator is preferably used in an amount within the range of causing no blurring of printed letter 
or no print through. 

[0223] The ultraviolet absorbent is used for the purpose of improving the preservability of image. Examples of the 
ultraviolet absorbent which can be used include benzotriazole-base compounds described, for example, in JP-A- 
58-185677, JP-A-61 -190537, JP-A-2-782, JP-A-5-1 97075 and JP-A-9-34057, benzophenone-base compounds de- 

15 scribed, for example, in JP-A-46-2784, JP-A-5-1 94483 and U.S. Patent 3,214,463, cinnamic acid-base compounds 
described, for example, in JP-B-48-30492 (the term M JP-B" as used herein means an "examined Japanese patent 
publication"), JP-B-56-21 1 41 and JP-A-1 0-881 06, triazine-base compounds described, for example, in JP-A-4-298503, 
JP-A-8-53427, JP-A-8-239368, JP-A-1 0-1 82621 and JP-T-8-501 291 , compounds described in Research Disclosure 
No. 24239, and compounds of absorbing ultraviolet light and emitting fluorescent light, so-called fluorescent brightening 

20 agents, represented by stilbene-base compound and benzoxazole-base compound. 

[0224] The discoloration inhibitor is used for the purpose of improving the preservability of image. Examples of the 
discoloration inhibitor which can be used include various organic discoloration inhibitors and metal complex-base dis- 
coloration inhibitors. Examples of the organic discoloration inhibitor include hydroquinones, alkoxyphenols, dialkoxy- 
phenols. phenols, anilines, amines, indanes, chromans, alkoxyanilines and heterocyclic rings. Examples of the metal 

25 complex include nickel complex and zinc complex. More specifically, compounds described in patents cited in Research 
Disclosure, Nos. 17643 (Items Vll-I to Vll-J), 15162, 18716 (page 650, left column), 36544 (page 527), 307105 (page 
872) and 15162, and compounds included in formulae of representative compounds and in exemplary compounds 
described in JP-A-62-215272 (pages 127 to 137) can be used. 

[0225] Examples of the fungicide include sodium dehydro-acetate, sodium benzoate, sodium pyridinethione-1 -oxide, 
30 ethyl p-hydroxybenzoate, 1,2-benzisothiazolin-3-one and salts thereof. The fungicide is preferably used in the inkjn 
an amount of 0.02 to 1 .00 mass%. 

[0226] As the pH adjusting agent, the above-described neutralizer (e.g., organic base, inorganic alkali) can be used. 
The pH adjusting agent is used for the purpose of improving the storage stability of the inkjet recording ink and is 
preferably added to adjust the inkjet recording ink to a pH of 6 to 10, more preferably to a pH of 7 to 10. 

35 [0227] The surface tension adjusting agent includes nonionic, cationic and anionic surfactants. Here, the surface 
tension of the inkjet ink of the present invention is preferably from 25 to 70 mN/m, more preferably from 25 to 60 mN/ 
m. Also, the viscosity of the inkjet recording ink of the present invention is preferably 30 mPa-s or less, more preferably 
' 20 mPa-s or less. Preferred examples of the surfactant include anionic surfactants such as fatty acid salt, alkylsulfuric 
ester salt, alkylbenzenesulfonate, alkylnaphthalenesulfonate, dialkylsulfosuccinate, alkylphosphoric ester salt, naph- 

40 thalenesulfonic acid formalin condensate and polyoxyethylenealkylsulfuric ester salt, and nonionic surfactants such 
as polyoxyethylene alkyl ether, polyoxyethylene alkylallyl ether, polyoxyethylene fatty acid ester, sorbitan fatty acid 
ester, polyoxyethylene sorbitan fatty acid ester, polyoxyethylene alkylamine, glycerin fatty acid ester and oxyethylene 
oxypropylene block copolymer. Also, SURFYNOLS (produced by Air Products & Chemicals), which is an acetylene- 
base polyoxyethylene oxide surfactant, is preferably used. In addition, amine oxide-type amphoteric surfactants such 

45 as N,N-dimethyl-N-alkylamine oxide are preferred. Furthermore, surfactants described in JP-A-59-157636 (pages (37) 
to (38)) and Research Disclosure, No. 3081 19 (1 989) can be used. 

[0228] A defoaming agent such as chelating agent represented by fluorine- or silicon-containing compounds and 
EDTA can also be used, if desired. 

[0229] In the case of dispersing the phthalocyanine compound of the present invention in an aqueous medium, a 
so colored fine particle containing the dye and an oil-soluble polymer is preferably dispersed in an aqueous medium as 
described in JP-A-1 1-286637 and Japanese Patent Application Nos. 2000-78491, 2000-80259 and 2000-62370, or 
the phthalocyanine compound of tho present invention dissolved in a high boiling point organic solvent is preferably 
dispersed in an aqueous medium as described in Japanese Patent Application Nos. 2000-78454, 2000-78491, 
2000-203856 and 2000-203857. With respect to the specific method for dispersing the compound of the present in- 
55 vention in an aqueous medium, the oil-soluble polymer, high boiling point organic solvent and additives used, and the 
amounts thereof, those described in these patent publications can be preferably used. Also, the phthalocyanine com- 
pound, which is solid, can be dispersed as it is in a fine particle state. At the dispersion, a dispersant or a surfactant 
can be used. As for the dispersing device, a simple stirrer, an impeller stirring system, an in-line stirring system, a mill 
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system (e.g., colloid mill, ball mill, sand mill, attritor, roll mill, agitator mill), an ultrasonic wave system and a high- 
pressure emulsification dispersion system (high-pressure homogenizer; specific examples of the commercially avail- 
able device include Gaulin Homogenizer Microfluidizer and DeBEE 2000) can be used. The preparation method of 
the Inkjet recording ink is described in detail, in addition to the above-described patent publications, in J P -A -5- 148436, 
JP-A-5-295312, JP-A-7-97541 , JP-A-7-82515, JP-A-7-1 18584, JP-A-1 1-286637 and Japanese Patent Application No' 
2000-87539 and the contents described in these patent publications can be used also for the preparation of the inkjet 
recording ink of the present invention. 

[0230] As the aqueous medium, a mixture comprising water as the main component and a water-miscible organic 
solvent added, if desired, can be used. Examples of the water-miscible organic solvent include alcohols (e.g. . methanol 
ethanol, propanol, isopropanol, butanol, isobutanol, sec-butanol, tert-butanol, pentanol, hexanol, cyclohexanol, benzyl 
alcohol), poiyhydric alcohols (e.g., ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, propylene 
glycol, dipropylene glycol, polypropylene glycol, butylene glycol, hexanediol, pentanediol, glycerin, hexanetriol, thiod- 
iglycol), glycol derivatives (e.g., ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol 
monobutyl ether, diethylene glycol, monomethyl ether, diethylene glycol monobutyl ether, propylene glycol monomethyl 
ether, propylene glycol monobutyl ether, dipropylene glycol monomethyl ether, triethylene glycol monomethyl ether, 
ethylene glycol diacetate, ethylene glycol monomethyl ether' acetate, triethylene glycol monomethyl ether, triethylene 
glycol monoethyl ether, ethylene glycol monophenyl ether), amines (e.g., ethanolamine, diethanolamine, trieth- 
anolamine, N-methyldiethanolamine, N-ethyldiethanolamine, morpholine, N-ethylmorpholine, ethylenediamine, dieth- 
ylenetriamine, triethylenetetramine, polyethyleneimine, tetramethylpropylenediamine) and other polar solvents (e.g., 
formamide, N,N-dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide, sulfolane, 2-pyrrolidone, N-methyl- 
2-pyrrolidone, N-vinyl-2-pyrroiidone, 2-oxazolidone, 1 ,3-dimethyl-2-imidazolidinone, acetonitrile, acetone). These wa- 
ter-miscible organic solvents can be used in combination of two or more thereof. 

[0231] In 100 parts by mass of the inkjet recording ink of the present invention, from 0.2 to 10 parts by mass of the 
phthalocyanine compound is preferably contained. Furthermore, in the inkjet ink of the present invention, other dye 
may be used in addition to the phthalocyanine compound. In the case of using two or more dyes in combination, the 
total content of the dyes is preferably in the above-described range. 

[0232] The viscosity of the inkjet recording ink of the present invention is preferably 40 cp or less. The surface tension 
thereof is preferably from 20 to 70 mN/m. The viscosity and the surface tension can be adjusted by the addition of 
various additives : for example, a viscosity adjusting agent, a surface tension adjusting agent, a resistivity adjusting 
agent, a film adjusting agent, an ultraviolet absorbent, an antioxidant, a discoloration inhibitor, a fungicide, a rust pre- 
ventive, a dispersant and a surfactant. 

[0233] The inkjet recording ink of the present invention can be used not only for the formation of a monochromatic 
image but also for the formation of a full color image. For forming a full color image, a magenta color tone ink, a cyan 
color tone ink and a yellow color tone ink can be used. Also, for adjusting the color tone, a black color tone ink may 
be further used. 

[0234] The yellow dye which can be used may be any yellow dye. Examples thereof include aryl- or heteryl-azo dyes 
having a phenol, a naphthol, an aniline, a heterocyclic ring (e.g., pyrazolone, pyridone), an open chain-type active 
methylene compound or the like as the coupling component (hereinafter referred to as a "coupler component"); azome- 
thine dyes having an open chain-type active methylene compound or the like as the coupler component; methine dyes 
such, as benzylidene dye and monomethine oxonol dye; and quinone-base dyes such as naphthoquinone dye and 
anthraquinone dye. Other examples of the dye species include quinophthalone dye, nitro-nitroso dye, acridine dye and 
acridinone dye. 

[0235] The magenta dye which can be used may be any magenta dye. Examples thereof include aryl- or heteryl- 
azo dyes having a phenol, a naphthol or an aniline as the coupler component; azomethine dyes having a pyrazolone 
or a pyrazolotriazole as the coupler component; methine dyes such as arylidene dye, styryl dye, merocyanine dye, 
cyanine dye and oxonol dye; carbonium dyes such as diphenylmethane dye, friphenylmethane dye and xanthene dye; 
quinone dyes such as naphthoquinone, anthraquinone and anthrapyridone: and condensed polycyclic dyes such as 
dioxazine dye. 

[0236] The cyan dye which can be used may be any cyan dye. Examples thereof include aryl- or heteryl-azo dyes 
having a phenol, a naphthol or an aniline as the coupler component; azomethine dyes having a phenol, a naphthol or 
a heterocyclic ring (e.g., pyrrolotriazole) as the coupler component; polymethine dyes such as cyanine dye, oxonol 
dye and merocyanine dye; carbonium dyes such as diphenylmethane dye, triphenylmethane dye and xanthene dye; 
phthalocyanine dyes; anthraquinone dyes; and indigo-thioindigo dyes. 

[0237] These dyes may be a dye which provides a yellow, magenta or cyan color for the first time when a part of the 
chromophore is dissociated. In this case, the counter cation may be an inorganic cation such as alkali metal and 
ammonium, an organic cation such as pyridinium and quaternary ammonium salt, or a polymer cation having such a 
cation as a partial structure. 

[0238] Examples of the black coloring material which can be used include dis-azo, tris-azo and tetra-azo dyes and 
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a dispersion of carbon black. 
[Inkjet Recording Method] 



5 [0239] According to the inkjet recording method of the present invention, an energy is provided to the inkjet recording 
ink and thereby an image is formed on a known image-receiving material, namely, plain paper, resin coated paper, 
inkjet special paper described, for example, in JP-A-8-169172, JP-A-8-27693, JP-A-2-276670, JP-A-7-276789 ! JP-A- 
9-323475, JP-A-62-238783, JP-A-1 0-1 53989, JP-A-1 0-21 7473, J P-A- 10-235995, JP-A-1 0-337947, JP-A-1 0-21 7597 
and JP-A-1 0-337947, film, electrophotographic common paper, cloth, glass : metal, ceramic or the like. 

10 [0240] In forming an image, a polymer fine particle dispersion (also called polymer latex) may be used in combination 
for the purpose of giving glossiness or water resistance or improving the weather resistance. The timing of imparting 
the polymer latex compound to the image-receiving material may be before, after or simultaneous with the addition of 
the coloring agent. Accordingly, the site to which the polymer latex is added may be in the image-receiving paper or 
ink or a liquid material composed of the polymer latex alone may be prepared and used. More specifically, the methods 

?5 described in Japanese Patent Application Nos. 2000-363090, 2000-315231. 2000-354380, 2000-343944, 
2000-268952, 2000-299465 and 2000-297365 can be preferably used. 

[0241] The recording paper and recording film used in the inkjet printing using the ink of the present invention are 
described below. 

[0242] The support which can be used for the recording paper or film is produced, for example, from a chemical pulp 
20 such as LBKP and NBKP, a mechanical pulp such as GP PGW, RMP, TMP. CTMP, CMP and CGP, or a waste paper 
pulp such as DIP by mixing, if desired, additives such as conventionally known pigment, binder, sizing agent, fixing 
agent, cation agent and paper strength increasing agent and then sheeting the mixture using various devices such as 
Fourdrinier paper machine and cylinder paper machine. Other than this support, synthetic paper or plastic film sheet 
. may be used. Th thickness of the support is preferably from 10 to 250 \xm and the basis weight is preferably from 10 
25 to250g/m 2 . 

[0243] An ink-accepting layer and a backcoat layer may be provided on the support as it is or may be provided after 
providing a size press or an anchor coat layer using starch, polyvinyl alcohol or the like. The support may also be 
subjected to a flattening treatment by a calendering device such as machine calender, TG calender and soft calender. 
In the present invention, the support is preferably paper or plastic film of which both surfaces are laminated with poly- 
30 olefin (for example, polyethylene, polystyrene, polyethylene terephthalate, polybutene cr a copolymer thereof). 

[0244] In the polyolefin, a white pigment (for example, titanium oxide or zinc oxide) or a tinting dye (for example, 
cobalt blue, ultramarine or neodymium oxide) is preferably added. 

[0245] The ink-accepting layer provided on the support contains a pigment and an aqueous binder. The pigment is 
■preferably a white pigment. Examples of the white pigment include white inorganic pigments such as calcium carbonate, 
35 kaolin, talc, clay, diatomaceous earth, synthetic amorphous silica, aluminum silicate, magnesium silicate, calcium sil- 
icate, aluminum hydroxide, alumina, lithopone, zeolite, barium sulfate, calcium sulfate, titanium dioxide, zinc sulfide 
and zinc carbonate, and organic pigments such as styrene-base pigment, acryl-base pigment, urea resin and melamine 
resin. The white pigment contained in the ink-accepting layer is preferably a porous inorganic pigment, more preferably 
a synthetic amorphous silica having a large pore area. The synthetic amorphous silica may be either a silicic acid 
■ AO anhydride obtained by a dry production method or a silicic acid hydrate obtained by a wet production method but is 
preferably a silicic acid hydrate. 

[0246] Examples of the aqueous binder contained in the ink-accepting layer include water-soluble polymers such as 
polyvinyl alcohol, silanol-modified polyvinyl alcohol, starch, cationized starch, casein, gelatin, carboxymethyl cellulose, 
hydroxyethyl cellulose, polyvinylpyrrolidone, polyalkylene oxide and polyalkylene oxide derivative, and water-dispers- 
es ible polymers such as styrene butadiene latex and acryl emulsion. These aqueous binders can be used individually or 
in combination of two or more thereof. Among these, polyvinyl alcohol and silanol-modified polyvinyl alcohol are pre- 
ferred in the present invention in view of attaching property to the pigment and peeling resistance of the ink-accepting 
layer. • ■ 

[0247] The ink-accepting layer may contain a mordant, a water-proofing agent, a light fastness enhancer,' a surfactant 
50 and other additives in addition to the pigment and the aqueous binder. 

[0248] The mordant added to the ink-accepting layer is preferably immobilized and for this purpose, a polymer mor- 
dant is preferably used. 

[0249] The polymer mordant is described in JP-A-48-28325, JP-A-54-74430, J P-A-54- 124726, JP-A-55-22766, 
JP-A-55-1 42339, JP-A-60-23850, JP-A-60-23851 , JP-A-60-23852, JP-A-60-23853, JP-A-60-57836, JP-A-60-60643, 
55 JP-A-60-1 18834, JP-A-60-122940, JP-A-60-1 22941 , JP-A-60-1 22942, JP-A-60-235134, JP-A-1 -1 61236 and U.S. Pat- 
ents 2,484,430, 2,548,564, 3,148,061, 3,309,690, 4,115,124, 4,124,386, 4,193,800, 4,273,853, 4,282,305 and 
4,450,224. An image-receiving material containing the polymer mordant described in JP-A-1 -161236 (pages 212 to 
215) is particularly preferred. When the polymer mordant described in this patent publication is used, an image having 
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excellent image quality can be obtained and at the same time, light fastness of the image is improved 
[0250] The water-proofing agent is effective for water-proofing the image. The water-proofing agent is preferably a 
cationic resin. Examples of the cationic resin include polyamidopolyamine epichlorohydrin. polyethyleneimine 
polyaminesulfone, pofy-dimethyldiallylammonium chloride, cation polyacrylamide and colloidal silica Among these 
cationic resins, polyamidopolyamine epichlorohydrin is preferred. The content of the cationic resin is preferably from 
1 to 15 mass%, more preferably from 3 to 1 0 mass%, based on the entire solid content of the ink-accepting layer 
[0251] Examples of the light fastness enhancer include zinc sulfate, zinc oxide, hindered amine-base antioxidants 
and benzophenone-base or benzotriazole-base ultraviolet absorbents. Among these, zinc sulfate is preferred 
[0252] The surfactant functions as a coating aid, a reusability improver, a slipperiness improver or an antistatic 
agent. The surfactant is described in JP-A-62-1 73463 and JP-A-62-1 83457. In place of the surfactant, an organic fluoro 
compound may be used. The organic fluoro compound is preferably hydrophobic. Examples of the organic fluoro 
compound include a fluorine-containing surfactant, an oily fluorine-base compound (for example, fluorine oil) and a 
solid fluorine compound resin (for-example, ethylene tetrafluoride resin). The organic fluoro compound is described in 
JP-B-57-9053 (columns 8 to 17), JP-A-61 -20994 and JP^-62-1 35826. Other examples of the additive added to the 
ink-accepting layer include a pigment dispersant, a thickener, a defoaming agent, a dye. a fluorescent brightening 
agent, an antiseptic, a pH adjusting agent, a matting agent and a hardening agent. The ink-accepting layer may be 
composed of either one layer or two layers. 

[0253] In the recording paper or film, a backcoat layer may also be provided. Examples of the component which can 
be added to this layer include a white pigment, an aqueous binder and other components. Examples of the white 
pigment contained in the backcoat layer include white inorganic pigments such as precipitated calcium carbonate 
heavy calcium carbonate, kaolin, talc, calcium sulfate, barium sulfate, titanium dioxide, zinc oxide, zinc sulfide zinc 
carbonate, satin white, aluminum silicate, diatomaceous earth, calcium silicate, magnesium silicate, synthetic amor- 
phous silica, colloidal silica, colloidal alumina, pseudo-boehmite, aluminum hydroxide, alumina, lithopone zeolite hy- 
drolyzed halloysite, magnesium carbonate and magnesium hydroxide, and organic pigments such as styrene-base 
plastic pigment, acryl-base plastic pigment, polyethylene, microcapsule, urea resin and melamine resin. 
[0254] Examples of the aqueous binder contained in the backcoat layer include water-soluble polymers such as 
styrene/maleate copolymer, styrene/acrylate copolymer, polyvinyl alcohol, silanol-modified polyvinyl alcohol starch 
canonized starch, casein, gelatin, carboxymethyl cellulose, hydroxyethyl cellulose and polyvinylpyrrolidone and water- 
dispersible polymers such as styrene butadiene latex and acryl emulsion. Other examples of the component contained 
in the backcoat layer include a defoaming agent, a foam inhibitor, a dye, a fluorescent brightening agent, an antiseptic 
and a water-proofing agent. 

[0255] A polymer latex may be added to a constituent layer (including the backcoat layer) of the inkjet recording 
paper or film. The polymer latex is used for the purpose of improving film properties, for example, stabilizing the di- 
mension and preventing the curling, adhesion or film cracking. The polymer latex is described in JP-A-62-245258 
JP-A-62-1 31 6648 and JP-A-62-1 1 0066. When a polymer latex having a low glass transition lemperature (40°C or less) 
is added to a layer containing a mordant, the layer can be prevented from cracking or curling. The curling can also be 
prevented by adding a polymer latex having a high glass transition temperature to the backcoat. layer. 
[0256] The ink of the present invention is not limited in the inkjet recording system and is used in a known system 
for example, an electric charge controlling system of jetting out the ink by using the electrostatic induction force a 
drop-on-demand system (pressure pulse system) of using a vibration pressure of a piezoelectric element, an acoustic 
inkjet system of converting electric signals into acoustic beams, irradiating the beams on the ink and jetting out the ink 
by using the radiation pressure, and a thermal inkjet system of heating the ink to form a bubble and utilizing the gen- 
erated pressure. The inkjet recording system includes a system of ejecting a large number of small volumes of so- 
called photo-ink having a low concentration, a system designed to improve the image quality by using a plurality of 
inks having substantially the same color hue but differing, in the concentration, and a system of using a colorless 
transparent ink. 

Examples: 

[0257] The present invention is described in greater detail below by referring to Examples, however the present 
invention is not limited to these Examples. 

(Synthesis Example) 

[0258] The synthesis method of the phthalocyanine compound of the present invention is described in detail below 
however, the starting material, dye intermediate and synthesis route are not limited thereto. 

[0259] A representative phthalocyanine compound of the present invention can be derived, for example through the 
following synthesis route. In the following Examples, Amax means an absorption maximum wavelength and emax 
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means a molar absorption coefficient at the absorption maximum wavelength. 
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Synthesis Example 1 : Synthesis of Compound A 

[0260] 4-Nitrophthalonitrile (produced by Tokyo Kasei) (26.0 g) was dissolved in 200 ml_ of DMSO (dimethylsulfoxide) 
in a nitrogen stream and to the obtained solution under stirring at an inner temperature of 20°C, 30.3 g of sodium 

5 3-mercapto-propane-sulfonate (produced by Aldrich) was added. To the resulting solution under stirring at an inner 
temperature of 20°C, 24.4 g of anhydrous sodium carbonate was gradually added. Subsequently, the reaction solution 
was heated to 30°C wh ile stirring and then stirred at the same temperature for 1 hour. After cooling to 20°C, the reaction 
solution was filtered by Nutsche } the filtrate was poured in 15,000 ml_ of ethyl acetate, thereby crystallizing, and then 
stirred at room temperature for 30 minutes, and the precipitated crude crystal was filtered by Nutsche, washed with 

10 ethyl acetate and dried. The obtained crude crystal was recrystallized from methanol/ethyl acetate to obtain 42.5 g of 
Compound A. 1 H-NMR (DMSO-d6) : 5 value on TMS basis: 1 .9-2.0 (2H, t); 2.5-2.6 (2H, m); 3.2-3.3 (2H, t); 7.75-7.85 
(1H, d); 7.93-8.03 (1H, d); 8.05-8.13 (1H, s). 

Synthesis Example 2: Synthesis of Compound B 

[0261 ] Compound A (42.4 g) was dissolved in 300 mL of acetic acid and to the obtained solution under stirring at an 
inner temperature of 20°C, 2.5 g of Na 2 W0 4 -2H 2 0 was added. Thereafter, the solution was cooled to an inner tem- 
perature of 10°C in an ice bath. Thereto, 35 mL of aqueous hydrogen peroxide (30%) was gradually added dropwise 
while caring about heal generation. After stirring at an inner temperature of 15 to 20°C for 30 minutes, the reaction 

20 solution was heated to an inner temperature of 60°C and then stirred at the same temperature for 1 hour. After cooling 
to 20°C, 1 ,500 mL of ethyl acetate was poured in the reaction solution and then the reaction solution stirred at the 
same temperature for 30 minutes. The precipitated crude crystal was filtered by Nutsche, washed with 200 mL of ethyl 
acetate and dried. The obtained crude crystal was washed under heat using methanol/ethyl acetate and thereby purified 
to obtain 41 .0 g of Compound B. 1 H-NMR (DMSO-d6) s 5 value on TMS basis: 1 .8-1 .9 (2H, t); 2.4-2.5 (2H, m); 3.6-3.7 

25 (2H, t); 8.3-8.4 (1 H; d); 8.4-8.5 (1 H, d); 8.6-8.7 (1 H, s). 

Synthesis Example 3: Synthesis of Compound 102 

[0262] In a three-neck flask with a condenser tube, 70 mL of n-amyl alcohol was added and thereto 40.2 g of Com- 

30 pound B and 6.0 g of cupric chloride were added. Furthermore, 40.0 mL of 1 ,8-diazabicyclo[5.4.0]-7-undecene (DBU) 
was added dropwise at room temperature while stirring. Subsequently, the reaction solution was heated to an inner 
temperature of 1 00°C and then stirred at the same temperature for 8 hours. After cooling to 40 C C, 1 50 mL of methanol 
heated at 50°C was poured in the reaction solution and the resulting solution was stirred under reflux for 1 hour. Then, 
the reaction solution was cooled to room temperature and the obtained solid was filtered by Nutsche and washed with 

35 1 ; 200 mL of methanol. The obtained solid was added to 600 mL of an aqueous 1 M hydrochloric acid solution saturated 
with sodium chloride and thereby unreacted copper salt was dissolved out. The insoluble matter was filtered, 1,800 
mL of methanol was added dropwise to the filtrate, thereby crystallizing, and the obtained crude crystal was filtered by 
Nutscheand washed with 1, 200 mL of methanol. The crude crystal was dissolved in 300 mL of water and while stirring 
the aqueous solution, 600 mL of a saturated methanol solution of sodium acetate was gradually added to form a salt. 

40 While stirring, the temperature was elevated to a reflux temperature and the solution was stirred at the same temper- 
ature for 1 hour. After cooling to room temperature, the precipitated crystal was filtered and washed with methanol. 
The obtained crystal was added to 600 mL of 80% methanol, stirred under reflux for 1 hour and cooled to room tem- 
perature. The precipitated crystal was filtered and the obtained crystal was added to 600 mL of a 70% methanol solution, 
stirred under reflux for 1 hour and cooled to room temperature. The precipitated crystal was filtered, washed with 1 00 

45 mL of methanol and then dried to obtain 30.1 g of Compound 102 as a blue crystal. Xmax (absorption maximum 
wavelength): 628.9 nm, emax (molar absorption coefficient at the absorption maximum wavelength)=6.53xl0 4 (in an 
aqueous solution). The obtained compound was analyzed (mass spectrometry; measured by various devices and 
analysis methods such as ESI-MS, elemental analysis and neutralization titration), as a result, it was confirmed that 
the substitution site of copper(ll) phthalocyanine defined in the specification was the p-position substitution type {each 

50 benzene nucleus has one -{S0 2 -(CH 2 )3-S0 3 Na} group at the (2- or 3-position), (6-or 7-position), (10- or 11 -position) 
and (14- or 15-position) and four -{S0 2 -(CH 2 ) 3 -S0 3 Na} groups in total are present in one-molecule of the copper 
phthalocyanine}. 

Synthesis Example 4: Synthesis of Compound C 

55 

[0263] In a three-neck flask with a condenser tube, 1 00 mL of nitrobenzene was added. After elevating the temper- 
ature to 1 80°C over 1 hour, 43.2 g of monosodium 4-sulfophthalate, 4.7 g of ammonium chloride, 58 g of urea, 0.68 g 
of ammonium molybdate and 6.93 g of cupric chloride were added thereto and the resulting solution was stirred at the 
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same temperature for 6 hours. Subsequently, the reaction solution was cooled to 40°C 200 mL of methanol heat*H 
at 50 C was poured in the reaction solution and the resulting solution was stirred a' room ILtate^TlT^ 
cracky the produced so.id matter. The obtained dispersion was filtered by N: . h * an 7Z S?2h S 
methanol The obtarned solid was added to 1,000 mL of an aqueous 1M hydroun.oric add solutfon Saturated with 

inTMmi of^Sf. m ^° ,a1Mhydrochloncaddsatu ^dbrinesolution.Theobtained solid was dissolved 

and then sti Z 7T* . hydr ° Kide S0 ' U,i ° n 3nd the reSU,tin9 SO,ution was heated * *0°C while stting 

X nZtmme 2?oZ77Z emt Z h ° Ur aqUe ° US S0 ' Uti0n W3S h0t firtered t0 r ™ **» and w e' 
s* r ng the filtrate, 270 mL of sodium chloride was gradually added, thereby salting out the solution This salted out 

e t23 ! a ^ t0 T CC 7 hile Stirrin9 9nd * hen Stirred at the same to"Wur! for 1 our After 'cSj?^ 
SE^STI^ ^ Stal ^ fi ' tered 3nd WaShed With 150 mL of 20% brine - Subsequent^ e obtained 
X S h , ° °° f ? L ° f 8 ° % ethan °' ! Stirred Under re,lux for 1 hour and then coded to room temperature The 
preciprtated crystal was filtered and the obtained crystal was added to 200 mL of an aoueous e^ TZlT^'J 

m!t 6 h 4 l ThS ° bta ie! d Com P° und C was ana, y^d (mass spectrometiy: measured by various ^vices and analvsis 
methods such as ES.-MS, e.emental ana.ysis and neutralization titration), as a resuit, it was ooLJSn^^S 
(II phthalocyanine def.ned in the specilicat.on. that is, the substitution site was the p-position substitu on ypeZch 
benzene nucleus has one sulfo group a. the (2- o, 3-posiiion), (6- or 7-position). (1 0- o 11-posSnY H?1 4^15^0 
s.tion) and four sulfo groups in tota, are present in one molecule of the copper phthalocyadne} 

Synthesis Example 5: Synthesis of Compound D 

3 0 0 2 »C 5 lnl« t 1 h Q re n 6 - ne f C 'l flask with a condenser tube. 100 mL of chlorosulfonic acid was added and while stirring at 

^^^s?3^.^TT2f ^ 9radUa " y 9dd6d th ^° in P«f - The resulting so ln 
ni tJ ? . ° 60 9 °' P h °sphorus pentachloride was gradually added in parts at 25°C 

80 C 30 mtofTh ^ hea! ° d *° 14 °" C and S,irr6d 31 ,hS Same tem P erature «* 3 hours. After coo I g to 

to 80X and sired? ZT T ° ver 15 — Subsequently, the reaction solution was heated 

Idf ^ X f< mS tempcra,urc ,or 2 hours After cooling to 10°C, the reaction solution was qraduallv 
added to a mixture of 1 ,000 mL of water and 500 g of ce to precipitate the objective compound aTa blue M tZ 

sass sits jssto r«s ta • ~ ~~&ri 

SSL ? R e t ° btained C ° m P° und B analyzed, as a result, it was confirmed that this compound was tetrasulfonvl 
more 0 0 VlZTT T^™™ ^ " the s P ecificati ™. »« -. P-position substitution ypTpurthe" 
Tn t ? ! 2r ed CrySla ' W3S qU ° nChCd by 2 - et hylhexyl6xypropylamine/acetone and then Sjeded To 

a punty ver, rcat-on by HPLC (detection wavelength: 254 nm; 0.1% acetic acid/triethylamine buffe ^system THF/ 
H 2 0=7/3), as a result, the relative area % was SO.95% [verification as a total of Cu-Pc( SC 2 NH-R) 4 derSes] 

Synthesis Example 6: Synthesis of Compound E 

[0267] m-Aminobenzenesulfonyl fluoride (5.4 g) was dissolved in 50 mL of DMAc and to the resultina solution und Pr 
string at an inner temperature of 5»C. 3.0 g of Compound D synthesized above was g^SSS^S^ 
After stirring at room temperature for 30 minutes, the temperature was elevated to 55°C and the reaction s ofu to n was 
stirred a, the same temperature (or 1 hour. After cooling to 20'C, the reaction solution was pouredSo mL o waTr 
l 5USe n! T 3t r °° m tem P erature for 30 """«•»■ ^e precipitated crude crystal was filtered Sn^ST ' 

CH L th 3 )m( f ? 2 ?f )n denvatlve < where m+n = 4 and m*0] using silica gel column chromatography 

(CH 2 Cl2/THF) and then recrystall.zed from ethyl acetate to obtain 3.5 g of Compound E. i°grapny 

Synthesis Example 7: Synthesis of Compound 136 

[0268] Compound E (3.5 g) synthesized above was dissolved in 20 mL of THF and to the resultinq solution under 
s mng at room temperature, an aqueous saturated sodium hydrogencarbonate solution was added " obta ned 

TZZT, r < IT f V° minUt6S and aftef the COmple,i ° n ° f reac,ion • saturated brtne w added tha ^eto and 
the precprtated crystal was fUtered. The obtained crude crystal was desalted (boil-washed twice with 70% et and) 
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and then recrystallized from ethanol to obtain 2.8 g of Compound 1 36. Amax=628.5 nm. ernax=4.30 :< 1 0 4 (in an aqueous 
solution). 

Synthesis Example 8: Synthesis of Compound F 

5 

[0269] m-Nitroaniline (4.3 g) was dissolved in 50 mL of DMAc and to the resulting solution under stirring at an inner 
temperature of 5°C, 3.0 g of Compound D synthesized above was gradually added and reacted. After stirring at room 
temperature for 30 minutes, the temperature was elevated to 55°C and the reaction solution was stirred at the same 
temperature for 1 hour. After cooling to 20°C, the reaction solution was poured in 300 mL of water and subsequently 
io stirred at room temperature for 30 minutes. The precipitated crude crystal was filtered by Nutsche, washed with 100 
mL of cold water and dried. The obtained crude crystal was subjected to the removal of by-products [for example, Cu- 
Pc-(S0 3 X) m (S0 2 NHAr) n derivative, where m+n=4 and m*0] using silica gel column chromatography (CHgCI/THF) 
and then recrystallized from ethyl acetate to obtain 3.8 g of Compound F. 

15 Synthesis Example 9: Synthesis of Compound G 

[0270] In a three-neck flask with a condenser tube, 1 50 mL of isopropyl alcohol was added and while stirring at 30°C 
or less, 11 .2 g of reduced iron was gradually added thereto in parts. Furthermore, an aqueous solution obtained by 
dissolving 0.2 g of ammonium chloride in 15 mL of water was added dropwise and the resulting solution was heated 

20 to the reflux temperature and stirred at the same temperature for 1 hour. Subsequently, a solution obtained by dissolving 
3.0 g of Compound F synthesized above in 100 mL of acetone was added dropwise at the same temperature and the 
resulting solution was stirred at the reflux temperature for 45 minutes. Thereafter, the reaction solution was hot filtered 
by Celite, the filtrate was distilled in a rotary evaporator to remove the solvent and the obtained crude crystal was 
subjected to the removal of by-products by using silica gel column chromatography (Ch^CI^HF) and then recrystal- 

25 lized from ethyl acetate to obtain 2.3 g of Compound G. 

Synthesis Example 10: Synthesis of Compound 145 

[0271] Compound G (1.3 g) synthesized above was dissolved in 50 mL of DMAc (N.N-dimethylacetamide) and to 
30 the resulting solution under stirring at an inner temperature of 5 C C, 1.2 g of m-chlorosulfonylbenzoyl chloride was 

gradually added and reacted. After stirring for 30 minutes, an aqueous saturated sodium hydrogencarbonate solution 

was added to the reaction solution. The obtained solution was further stirred for 30 minutes and after the completion 
. of reaction, saturated brine was added thereto and the precipitated crystal was filtered. The obtained crude crystal was 

desalted (boil-washed twice with 70% ethanol) and then recrystallized from ethanol to obtain 1 .9 g of Compound 145. 
35 Xmax=634.2 nm, emax=3.33x10 4 (in an aqueous solution). 

Synthesis Example 11 : Synthesis of Compound 145 

[0272] A p-position substitution type {Cu-Pc-{S0 2 NH-(3-sutfo-phenyl) derivative was synthesized starting from Com- 

*o pound (H) shown below under the reaction conditions described above in detail. 

[0273] The obtained compound was analyzed, as a result, this compound was the p-position substitution type de- 
rivative defined in the specification having four sulfo groups within one molecule of copper phthalocyanine and the 
same as the compound synthesized in Synthesis Example 1 0 (the synthesis route is different, however, it is apparent 
' from the commonsense in the organic synthesis that the compounds synthesized in Synthesis Examples 4 and 8 are 

■*5 the same p-position substitution type copper (II) phthalocyanine), though the mixture distribution of substitution sites 
[each benzene nucleus has one sulfo group at the (2- or 3-position), (6- or 7-position), (10- or 11 -position) and (14- or 
15-position)] is slightly different. 
Compound H; 

50 
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HN0 2 S 




Na0 3 S 

Synthesis Example 11 : Synthesis of Compound 171 



Sh ^2; T"° """" ana m "» »*« a ei *.™ togra ph5 s E phTex~ ChS'I" 

Synthesis Example 1 2: Synthesis of Compound 1 72 
Synthesis Example 13: Synthesis of Compound 173 

[0276] Compound 1 71 (1 .5 g) synthesized above was dissolved in 20 mL of DMAc and to the filtrate , ,„h* ♦• • 
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Synthesis Example 14: Synthesis of Compound 181 

[0277] 1-{2 ! 5-Disulfo(sodium salt)phenyl}-3-methyl-5-amino-pyrazole (15.1 g) was suspended in 150 mL of DMAc 
and to the resulting suspension under stirring at an inner temperature of 5°C, 6.5 mL of pyridine was added dropwise 

5 and subsequently 9.7 g of Compound D synthesized above was gradually added and reacted. After stirring at 5 to 
10°C for 30 minutes, the temperature was elevated to 35°C and the reaction solution was stirred at the same temper- 
ature for 1 hour. After cooling to 20°C, the reaction solution was filtered to remove inorganic materials and the filtrate 
was poured in 1 ,000 mL of ethyl acetate and stirred at room temperature for 30 minutes. The precipitated crude crystal 
was filtered by Nutsche, washed with 100 mL of ethyl acetate and dried. The obtained crude crystal was dissolved in 

10 30 mL of water and subjected to the removal of by-products {for example, Cu-Pc-(S0 3 X) m (S0 2 NH-heterocyclic ring) n 
derivative, where m+n=4 and m*0] using gel permeation chromatography (SEPHADEX™ LH-20, produced by Phar- 
macia) and then to the salt formation from potassium acetate/methanol to obtain 0.0 g of crude crystal. The obtained 
crude crystal was desalted (boil-washed twice with 70% methanol) and then recrystallized from methanol to obtain 7.9 
g of Compound 181. A.max=634.9 nm, emax=6.05xl0 4 (in an aqueous solution). 

15 [0278] The obtained compound was analyzed (mass spectrometry; measured by various devices and analysis meth- 
ods such as ESI-MS, elemental analysis and neutralization titration), as a result, it was confirmed that the substitution 
site of copper(ll) phthalocyanine defined in the specification was the p-position substitution type {each benzene nucleus 
has one -{S0 2 NH-heterocyclic ring) group at the (2- or 3-position), (6- or 7-position), (10-or 11 -position) and (14- or 
15-position) and four -{S0 2 NH-heterocyclic ring} groups in total are present in one molecule of the copper phthalocy- 

20 anine}. 

[Synthesis Examples of Comparative Compounds] 
Comparative Synthesis Example 1 

25 

(a) Synthesis of Comparative Compound 1 

[0279] In a three-neck flask with a condenser tube, 150 mL of chlorosulfonic acid was added and subsequently. 25.0 
g of copper phthalocyanine was gradually added in parts with stirring while keeping the temperature not to exceed 

30 20°C (due to generation of heat, cooling was simultaneously performed). 

[0280] This mixture was heated to 100°C over 1 hour, further heated to 135°C over 1 hour and stirred at the same 
temperature for 4 hours until the generation of gas was terminated. The reaction solution was cooled to 75°C and 
thereto 30 mL of thionyl chloride was added dropwise over 30 minutes. Subsequently, the reaction solution was heated 
to 80 3 C, stirred at the same temperature for 2 hours and then cooled to 1 0°C. 

35 [0281] Thereafter, the reaction solution was gradually added to a mixture of 1 ,500 mL of water and 500 g of ice to 
precipitate the objective compound as a blue crystal. The temperature of the. suspension was kept at 0 to 5°C by 
supplementally adding ice. The solution was further stirred at room temperature for 1 hour, then filtered by Nutsche 
and washed with 2 : 500 mL of cold water. Thereafter the crystal was washed with 100 mL of coid acetonitrile and dried 
over night in a desiccator containing a drying agent under reduced pressure to obtain 35.5 g of Comparative Compound 

JO 1 shown below as a blue crystal. 

[0282] The obtained compound was analyzed, as a result, it was confirmed that this compound was tetrasulfonyl 
chloride of copper(ll) phthalocyanine of the a,|3-position mixed substitution type defined in the specification and having 
a mixed substitution number of dh tri- and tetra-. Furthermore, 0.01 part of the obtained crystal was quenched by 
2-ethylhexyloxypropylamine/acetone and then subjected to a purity verification by HPLC (detection wavelength: 254 

45 nm; 0.1% acetic acid/triethylamine buffer system, THF/H 2 0=7/3), as a result, the relative area % was 80.52% [a total 
of Cu-Pc(-S0 2 NH-R) n derivatives]. 
Comparative Compound 1 : 
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(b) Synthesis of Comparative Compound 2 

[0283] Comparative Compound 2 was synthesized using a method described in JP-A-1 0-130517, WO00/08101, 
WO00/08103 and the like and the obtained compound was analyzed. As a result, as compared with Comparative 
Compound 1 , (1) the mixture distribution of substitution sites was slightly different, (2) the mixture distribution of sub- 
stitution numbers (disubstitution product, tri-substitution product tetra-substitution product) was slightly different and 
(3) the purity as sulfonyl chloride [verification as a total of Cu-Pc(-S0 2 NH-R) n derivatives] was different. However, 
Comparative Compounds 1 and 2 synthesized by the method described (the synthesis method of Comparative Com- 
pound 1 ) both were confirmed to be sulfonyl chloride where the substitution site of copper(ll) phthalocyanine defined 
in the specification was the admixed type and the substitution number was a mixture of di-, tri- and tetra-substitutions. 

(c) Synthesis of Comparative Compound 3 

[0284] In a three-neck flask with a condenser tube, 1 00 mL of nitrobenzene was added. After elevating the temper- 
ature to 180°C over 1 hour, 32 g of monosodium 4-sulfophthalate, 6.0 g of phthalic anhydride, 4.7 g of ammonium 
chloride. 58 g of urea. 0.68 g of ammonium molybdate and 6.93 g of cupric chloride were added thereto and the resulting 
solution was stirred at the same temperature for 6 hours. Subsequently, the reaction solution was cooled to 40°C. 200 
mL of methanol heated at 50°C was poured in the reaction solution and the resulting solution was stirred at room 
temperature for 1 hour while cracking the produced solid matter. The obtained dispersion was filtered by Nutsche and 
washed with 400 mL of methanol. The obtained solid was added to 1,000 mL of an aqueous 1M hydrochloric acid 
solution saturated with sodium chloride and boiled to dissolve out unreacted copper salt. After cooling, the precipitated 
solid was filtered by Nutsche and washed with 1 00 mL of a 1 M hydrochloric acid saturated brine solution. The obtained 
solid was dissolved in 700 mL of an aqueous 0.1 M sodium hydroxide solution and the resulting solution was heated 
to 80°C while stirring and then stirred at the same temperature for 1 hour. The aqueous solution was hot filtered to 
remove dusts and while stirring the filtrate, 270 mL of sodium chloride was gradually added, thereby salting out the 
solution. This salted-out solution was heated to 80°C while stirring and then stirred at the same temperature for 1 hour. 
After cooling to room temperature, the precipitated crystal was filtered and washed with 150 mL of 20% brine. Subse- 
quently, the obtained crystal was added to 200 mL of. 80% ethanol, stirred under reflux for 1 hour and then cooled to 
room temperature. The precipitated crystal was filtered and the obtained crystal was added to 200 mL of an aqueous 
60% ethanol solution, stirred under reflux for 1 hour and then cooled to room temperature. The precipitated crystal 
was filtered, washed with 300 mL of ethanol and then dried to obtain 26.3 g of Comparative Compound 3 shown below 
as a blue crystal. Xmax: 629.1 nm, emax=6.00xl0 4 (in an aqueous solution). 

[0285] The obtained compound was analyzed, as a result, it was confirmed that the substitution site of copper(ll) 
phthalocyanine defined in the specification was the p-position substitution type {having three sulfo groups on average 
per one molecule of phthalocyanine; a 1 :3:1 mixture of sulfo group substitution numbers of 4. 3 and 2 at the (2- or 
3-position), (6- or 7-position), (10- or 11 -position) and (14- or 15-position) of respective benzene nuclei (ESI-MS)} 
Comparative Compound 3: 
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— i A mixture of substitution 
numbers of m=4, 3 and 2. 
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(d) Synthesis of Comparative Compound 4 

[0286] Starting from Compound (I) shown below which was synthesized by the method described in JP-A-1 0-204053 , 
an a-position substitution-type copper(ll) phthaiocyanine derivative shown below was synthesized under the reaction 
conditions described in detail in that patent publication The obtained compound was analyzed, as a result, it was 
confirmed that the substitution site of copper(ll) phthaiocyanine defined in the specification was the a-position substi- 
tution type [each benzene nucleus has one sulfo group at the (1- or 4-position) 5 (5- or 8-position), (9- or 12-position) 
and (13- or 16-position) and four sulfo groups in total are present in one molecule of copper phthaiocyanine]. 
Compound I 
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Comparative compound 4: 
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(e) Synthesis of Comparative Compound 5 

[0287] Starting from both monosodium 4-sulfophthalate (raw material for p-position substitution-type derivative) and 
Compound (I) (raw material for a-position substitution-type derivative), an apposition mixed substitution-type copper 

n oIIif^ ,n l 8 Sh0WP be '° W W3S s V nthesi2ed underth * taction conditions described in detail in JP-A- 

10-204053. The obtained compound was analyzed, as a result, it was confirmed that this compound had a mixture 
d.s ribu ton of substitution sites {in respective benzene nuclei, («-position + p-position = four sulfo groups and in one 
molecule of copper phthalocyanine, three sulfo groups on average at the p-position and one sulfo group on average 
at the a-position)}. y 
Comparative Compound 5: 




16-position 



55 



[Example 1] 



[0288] Denized water was added to the following components to make 1 liter and the resulting solution was stirred 
for 1 hour under heating at 30 to 40X. Thereafter, the solution was adjusted to a pH of 9 with 10 mol/L of KOH and 
then Altered under pressure through a microfilter having an average pore size of 0.25 urn to prepare an ink solution 
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for cyan color. 

Composition of Ink Solution A: 



Phthalocyanine compound of the present invention (Compound 102) 


20 0 a 


Diethylene glycol 




20 g 


Glycerin 




120 g 


Diethylene glycol monobutyl ether 




230 g 


2-Pyrrolidone 




80 g 


Triethanolamine 




17.9 g 


Benzotriazole 




0.06 g 


Surfynol TG 




8.5 g 


PROXEL XL2 




18 g 



,5 [0289] In the same manner as in the preparation of Ink Solution A, Ink Solutions B to E were prepared except for 
changing the phthalocyanine compound as shown in Table 1 below, and Comparative Ink Solution 101, 102 and 103 
were prepared except for using those comparative compounds. 

[0290] When the dye was changed, the dye was used such that the amount added thereof became equimolar to the 
dye used in Ink Solution A. In the case of using two or more dyes in combination these were used each in an equimolar 
20 amount. 

(Recording and Evaluation of Image) 

[0291] Each inkjet ink of Examples (Ink Solutions A to E) and Comparative Examples (Ink Solutions 1 01 to 1 08) was 
25 subjected to the following evaluations. The results obtained are shown in Table 1 . 

[0292] In Table 1 , the "color tone", "paper dependency", "water resistance" and "light fastness" were evaluated after 
an image was recorded using each inkjet ink on a photo gloss paper (PM Photographic Paper "KOTAKU" (KA420PSK, 
EPSON), produced by EPSON) in an inkjet printer (PM-700C, manufactured by EPSON). 

30 <ColorTone> 



[0293] The image formed on the photo gloss paper was subjected to colorimetry of the reflection spectrum at intervals 
of 1 0 nm in the region from 390 to 730 nm using GRETAG SPM 1 00-II (manufactured by GRETAG) and a* and b* were 
calculated based on the CIE (International Commission on Illumination) L*a*b* color space system. 
35 [0294] By comparing with the standard cyan color sample (a color when solid batches of proof provided from 21 
companies as members of the Japan Printing Machinery Manufacturers Association were subjected to colorimetry and 
the printing was performed using Japan Color Ink SF-90 and Japan Paper to give a smallest color difference (AE) from 
the average value) of JAPAN Color of JNC (Japan Printing Machinery Manufacturers Association), the preferred cyan 
color tone was defined as follows and the following three-stage rating was performed. 

40 

Preferred color tone: 

[0295] A color tone where with L* in the range of 53.6±0.2, a* is in the range of -35.9±6 and b* is in the range of 
-50.4±6. 

45 

O: a* and b* both are in the preferred ranges defined above. 
A: Only one of a* and b* is in the preferred region defined above, 
x : a* nor b* both are out of the preferred regions defined above. 

50 [0296] The colorimetry values of the standard cyan color sample of JAPAN color used as the reference are shown 
below: 

L*: 53.6±0.2 
a*: -37.4±0.2 
55 b*: -50.2±0.2 

AE: 0.4 (0.1 to 0.7) 
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(1) Printer: 

[0297] MANLORAND R-704, ink: JAPAN Color SF-90, paper: TOKUHISHI ART. 

(2) Colorimetry: 

[0298] Colorimeter: X-rite 938, 0/45, D50, 2 deg.. black backing. 
<Paper Dependency> 

<Water Resistance> 

[0300] The photo gloss paper having formed thereon an image was dried at room temoerature for 1 hn„r din^n ■„ 
d^onzedwaterforlOsecondsandthennaturaliydriedatroomLpe 

by the three-stage rating, that is, A is no bleeding, B is slight bleeding and C is serious bleeding 
<Light Fastness> 



<Dark Heat Preservability> 

SEfJU P S1° im° a t P H Per J - ?? f ° rmed ther60n an imagG Was St0red for 1 4 da V s ^ the conditions of 80°C 
J R 5 ; ™' ™ e ,ma 9 e densit V before and after the storage was measured by a reflection densitometer (X Rite 

^.STSSIf^oTr- 1 ? dye r6Sidual percenta9e was 

ri0 ncil! f k i ' The ratmg 18 A when the d V e residual Percentage is 90% or more at all 

densities, 5 when less than 90% at two points, and C when less than 90% at all densities. 

<Ozone Gas Resistance> 

uated as the dye residua, percentage. The reflection density was measured at three poims of 1 5 anc 0 The ozone 

m^rThetr, t box was f set by using an ° zone gas monit ° r (M ° del ozs-eKT^s^ssss 

was 707 1 ml,, m "I by 8 three " Slage rating < name *' rated A when th * dye residual perce I age 

was 70 /„ or more at all dens,t,es, B when less than 70% at one or two points, and C when less than 70% at a! densSs 

<Oxidation Potential, Eox> 

^Z^JZT^ COmP ° UndS US ° d ^ EXamP,GS C ° mparatiVe Exam P' CS ~» —red under the 

oTml A -3T, hi ! e e ' eCtr ,° de ^ ^ ^ N - dimeth y'-f^amide (dye concentration: 0.001 mold m-3) containinq 
urL TITh lZ aPr ° P) ! amm0niUm PerChl ° rate aS the Supportin 9 electrol * e and »• oxidation potemia wa meTs 
vs SCE^ : h 9 t Sit" POlar09raphy b l USin 9 POLARTOGRAPHIC ANALYZER P-100. The oxidation potenTa va ues 
(vs SCE) of phthaloeyanine compounds measured are shown in Table 1 Manual values 
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[0308] As is apparent from Table 1 , the inkjet ink of the present invention has excellent color tone, low paper de- 
pendency and high resistance against water, light and ozone gas. In particular, the image preservability such as light 
fastness and ozone resistance is apparently excellent. 

[Example 2] 

[0309] Using the same ink as produced in Example 1 , an image was printed on Inkjet Photo Gloss Paper EX produced 
by Fuji Photo Film Co., Ltd. by means of the same printer as used in Example 1 and evaluated in the same manner 
as in Example 1 . Then, the same results as in Example 1 were obtained. 

[Example 3] 



[0310] The same ink as produced in Example 1 was filled in a cartridge of Inkjet Printer BJ-F850 (manufactured by 
CANON) and using this printer, an image was printed on Photo Gloss Paper GP-301 produced by the same company 
15 and evaluated in the same manner as in Example 1 . Then, the same results as in Example 1 were obtained. 

[Example 4] 

[0311] A test was performed by using the same operation as in Example 1 except that the test method of Example 
?o 1 was changed to the following environmental test method. That is, an oxidative gas resistance test method simulating 
the outdoor environment exposed to oxidative gases such as exhaust gas of automobiles and to irradiation with solar 
light was performed according to an oxidation resistance test method using a fluorescent light irradiation chamber at 
a relative humidity of 80% and a hydrogen peroxide concentration of 120 ppm described in H. Iwano et al., Journal of 
Imaging Science and Technology, Vol. 38, 140-142 (1944). The test results were the same as those in Example 1 . 



Industrial Applicability 



[0312] According to the present invention, 

a novel dye having absorption properties ensuring excellent color reproduction as a dye for three primary colors 
30 and at the same time, having sufficiently high fastness to light, heat, humidity and active gases in the environment is 
provided; 

various coloring compositions of giving a color image or a color material excellent in the color hue and fastness, 
for example, an ink composition for printing by ink jetting or the like, an ink sheet of a heat-sensitive transfer type image 
forming material, an electrophotographic toner, a coloring composition for a color filter used in LCD, PDPorCCD ; and 
35 a dyeing solution for the dyeing of various fibers are provided; and 

an inkjet recording ink and an inkjet recording method are provided, which can form an image having good color 
hue due to use of the phthalocyanine compound and having high fastness to heat, water, light and active gases in the 
■ environment, particularly ozone gas. 



Claims 

1 . An ink comprising at least one compound represented by the following formula (I) or (II): 
Formula (I): 
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wherein X v X 2 , X 3 and X 4 each independently represents -SO-Z or -S0 2 -Z, wherein each Z independently repre- 
sents a substituted or unsubstitutcd alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or 
unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group 
or a substituted or unsubstituted hotcocyclic group; 

Y 1s Y 2 , Y 3 and Y 4 each independently represents a hydrogen atom : a halogen atom, an alkyl group, a cy- 
cloalkyl group, an alkenyl group, an araikyl group, an aryl group, a heterocyclic group : a cyano group, a hydroxyl 
group, a nitro group, an amino group an akytamino group, an alkoxy group, an aryloxy group, an amido group, 
an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an arylthio group, an alkoxycar- 
bonylamino group, a sulfonamido grojp. a carbamoyl group, an alkoxycarbonyl group, a heterocyclic oxy group, 
an azo group, an acyloxy group, a carbamoyloxy group, a silyloxy group, an aryloxycarbonyl group, an aryloxy- 
carbonylamino group, an imido group a heterocyclic thio group, a phosphoryl group, an acyl group or an ionic 
hydrophilic group, which groups each may further have a substituent: 

a 1 to a 4 and b 1 to b 4 represent a number of substituents X 1 to X 4 and Y 1 to Y 4 . respectively, a 1 to a 4 each 
independently represents an integer of 0 to 4 provided that all are not 0 at the same time, and b 1 to b 4 each 
independently represents an integer of 0 to 4; and 

M represents a hydrogen atom, a metal element or an oxide, hydroxide or halide thereof; 

provided that at least one of X 1 X 2 X 3 X 4 . Y 1 Y 2 , Y 3 and Y 4 is an ionic hydrophilic group or a group having 
an ionic hydrophilic group as a substituent: 
Formula (II): 
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wherein , X 12 , X 13 and X 14 each independently represents -SOgNR! R 2 and/or a sulfo group, provided that X^ , 
X 12 , X 13 and X u all are not a sulfo group at the same time, 

wherein R 1 represents, when a plurality of are present, each independently represents a hydrogen atom, a 
substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group of a 
substituted or unsubstituted heterocyclic group, R 2 represents, when a plurality of R 2 s are present, each inde- 
pendently represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a 
substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubsti- 
tuted aryl group or a substituted or unsubstituted heterocyclic group, and R 1 and R 2 may combine with each other 
to form a 5- or 6-membered nitrogen-containing heterocyclic ring; 

Y 11> Y 12> V 13> Y u> Y 15> Y 16« Y 17 and Y 18 eacn independently represents a hydrogen atom, a halogen atom, 
an alkyl group, a cycloalkyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic group, a cyano 
group, a hydroxyl group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an aryloxy group, 
an amido group, an arylamino group, a ureido group, a sulfamoyiamino group, an alkylthio group, an arylthio group, 
an alkoxycarbonylamino group, a sulfonamido group, a carbamoyl group, an alkoxycarbonyl group, a heterocyclic 
oxy group, an azo group, an acyloxy group, a carbamoyloxy group, a silyloxy group, an aryloxycarbonyl group, an 
aryloxycarbonylamino group, an imido group, a heterocyclic thio group, a phosphoryl group, an acyl group or an 
ionic hydrophilic group, which groups each may further have a substituent; 

a n to a u represent a number of substituents X^ to X 14 , respectively, and each independently represents 
an integer of 0 to 2 ; provided that all are not 0 at the same time; and 

M represents a hydrogen atom, a metal element or an oxide, hydroxide or halide thereof; 

provided that at least one of X^ , X 12 , X 13 , X 14 , , Y 12 , Y 13 , Y 14 , Y 15 , Y 16 , Y 17 and Y 18 is an ionic hydrophilic 
group or a group having an ionic hydrophilic group as a substituent. 

The ink according to claim 1, wherein the compound represented by the formula (I) or (II) comprises at least one 
compound represented by the following formula (III) or (IV): 
Formula (III): 
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whersin X 21 , X 22 , X 23 and X 24 each independently represents -SO-Z and/or -S0 2 -Z. wherein each Z indeoendentlv 
represents a substituted cr unsubstituted alkyl group, a substituted or unsubstituted cycloalky, gr up e subsTu ed 
or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl group, a sub S titute^rZbsttute7arvl 
group or a substituted or unsubstituted heterocyclic group; unsuostituted aryl 

^ J? ' Ys2 ' Y23 ' T 24 ' Y25 ' Yss ' Ys7 and Ys8 each inde Pendently represents a hydrogen atom a haloqen atom 
an alky, group, a cycloalkyl group, an alkenyl group, an aralkyl group, an ary, group a heterocyc grou »2 
group, a hydroxy, group, a nitro group, an amino group, an a.kylamino group'an alkoxy group n a^oxy gro"p 
an am.do group, an arylamino group, a ureido group, a sulfamoylamino group, an alkylth.o group an 2 o ouo 

Z^ZT^° 9r ° UP ' 3 SU,f0namid ° 9r0Up ^ 3 Carbam °y' ™ « '^oxycaton 9 ^ S£5* 
oxy group, an azo group, an acyloxy group, a carbamoyloxy group, a silyioxy group, an aryloxvcarbonv qrouo an 

T7« T™° 9r ° UP ' ^ imid ° 9r0UP ' 8 heter0cyclic thi0 9™P a »*~p£yl 9« S acy Z an 
ionic hydroph.1,0 group, which groups each may further have a substiiuenf acy, group or an 

an IntSrVftoTST ' °' * 21 * * 24 ' ^ eaCh inde P ende ^ presents 

M has the same meaning as M in the formula (!)• 

croSTo2t*TnalZl? ft *?> Y "' Y » Y » Y » Y «' Y *' Y * and Y *> * an ionic hydrophilic 
group or a group having an ionic hydrophilic group as a substituent- 

Formula (IV): 



45 



50 



55 



76 

BNSDOCID: <EP 1364994A1_I_> 



EP 1 364 994 A1 




wherein R 1V R 12 , R 13 and R 14 each independently represents a hydrogen atom, a substituted or unsubstituted 
aikyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a sub- 
stituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group; 

V 1s V 2 , V 3 and V 4 each independently represents a substituted or unsubstituted alkyl group., a substituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aralkyl 
group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group; 

Y 3i« Y 32> Y 33> Y 34; Y 35> Y 36> Y 37 and Y 38 eacn independently represents a hydrogen atom, a halogen atom, 
an alkyl group, a cycloalkyl group, an alkenyl group, an aralkyl group, an aryl group, a heterocyclic group, a cyano 
group, a hydroxyl group, a nitro group, an amino group, an alkylamino group, an alkoxy group, an aryloxy group, 
an amido group, an arylamino group, a ureido group, a sulfamoylamino group, an alkylthio group, an arylthio group, 
an alkoxycarbonylamino group, a suffonamido group, a carbamoyl group, an alkoxycarbonyl group, a heterocyclic 
oxy group, an azo group, an acyloxy group, a carbamoyloxy group, a sityloxy group, an aryloxycarbonyl group, an 
aryloxycarbonylamino group, an imido group, a heterocyclic thio group, a phosphoryl group, an acyl group or an 
ionic hydrophilic group, which groups each may further have a substituent; and 

M has the same meaning as M in the formula (I); 

provided that at least one of R 11: R 12 , R 13 , R 14 V v V 2: V 3 , V 4 , Y 31 , Y 32 , Y 33 . Y 34 , Y 33 , Y 36 , Y 37 and Y 38 is an 
ionic hydrophilic group or a group having an ionic hydrophilic group as a substituent. 

The ink according to claim 1 , wherein the compound represented by the formula (I) or (II) comprises at least one 
compound represented by the following formula (V) or (IV): 
Formula (V): 



77 



EP 1 364 994 A1 



{2 3 (0)q 3 S}a33— T 




~7-{S(0)q 1 Z 1 }a 31 



{S(0)q 2 Z 2 }a 32 



wherein Z n , Z 12 , Z 13 and Z 14 each independently represents a substituted or unsubstituted alkyl group, a substi- 
tuted or unsubstituted cycloalkyi group, a substituted or unsubstituted alkenyl group : a substituted or unsubstituted 
aralkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heterocyclic group; 

Pi* Q2> and ^4 eacn independently represents an integer of 1'or 2; 

a 3i< a 32> a 33 and a 34 each independently represents an integer of 1 or 2; and 

M has the same meaning as M in the formula (I); 

provided that at least one of Z 11? Z 12 , Z 13 and Z 14 has an ionic hydrophilic group as a substituent- 
Formula (VI): 



1364994A1_I_> 
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wherein R 21 , R 22 , R 23 and R 24 each independently represents a hydrogen atom, a substituted or unsubstituted 
alky! group, a substituted or unsubstituted cycloaikyl group, a substituted or unsubstituted alkenyl group, a sub- 
stituted or unsubstituted aralkyl group, a substituted or unsubstituted ary! group or a substituted or unsubstituted 
heterocyclic group; 

v u > V 12* V 13 and v u eacn independently represents a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted cycloaikyl group, a substituted or unsubstituted alkenyl group, a substituted or unsubstituted ar- 
alkyl group, a substituted or unsubstituted ary! group or a substituted or unsubstituted heterocyclic group; and 

M has the same meaning as M in the formula (I); 

provided that at least one of R 21 , R 22: R 23 , R 24 , V 11: V 12 , V 13 and V 14 has an ionic hydrophilic group as a 
substituent. 

The ink according to any one of claims 1 to 3 ; wherein a phthalocyanine compound represented by the formulae 
(I) to (VI) has at least two ionic hydrophilic groups selected from a carboxyl group, a suifo group and a quaternary 
ammonium within one molecule. 

The ink according to claim 4, wherein the ionic hydrophilic group is at least either a carboxyl group or a sulfo group. 
The ink according to any one of claims 1 to 5, which is an inkjet recording ink. 

The ink according to any one of claims 1 to 5, which comprises a phthalocyanine compound represented by the 
formulae (I) to (VI) in an amount of 0.2 % by mass to 10 parts by mass per 100 parts by mass of the ink. 



An inkjet recording method, comprising forming an image by using the inkjet recording ink according to claim 6 on 
an image-receiving material comprising an ink-accepting layer containing a white inorganic pigment particle on a 
support. 

A method for improving an ozone gas resistance of a color image material, comprising forming an image by using 
the inkjet recording ink according to claim 6. 
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10. An ink comprising a phthalocyanine compound having an oxidation potential nobler than 1.0 V (vs SCE). 

11. A phthalocyanine compound represented by the formula (I) or (II). 

12. The phthalocyanine compound according to claim 1 1 , wherein either one of the formulae (I) and (II) is represented 
by either one of the formulae (III) and (IV). 

13. The phthalocyanine compound according to claim 11 , which is represented by the formula (V) or (VI). 
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